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SUMMARY
A serial study of rotavirus infections in 5-day-old 
gnotobiotic piglets is described in terms of pathogenesis 
and immune response. An immunofluorescent microtitre 
technique for titrating rotavirus in LLCMI^ cells was 
developed and used with immunofluorescent and histological 
examinations of the small intestine to study for 21 days 
the course of" infections by two porcine rotavirus isolates. 
The appearance of rotavirus-specific antibody, as measured 
by a virus neutralization test and an indirect immuno- 
fluorescent test, was determined in serum, saliva and 
faeces, and the numbers and distribution of immunoglobulin- 
containing cells throughout the small intestine examined.
The two porcine rotaviruses examined in this study were 
shown by cross neutralisation and double immunodiffusion 
to be antigenically dissimilar. Using body weight loss 
as a measure of virulence, the two isolates could also be 
clearly distinguished. However, both isolates induced, 
in 5-day-old gnotobiotic piglets, an acute enteric disease 
because of. destruction by virus of the villus epithelium 
of the small intestine. Recovery from intestinal damage 
appeared to be biphasic. The first phase comprised a 
balance between virus production and cell susceptibility 
v and the second involved an immune response. Antibody 
appeared in serum, saliva and faeces, of which that appearing 
in the faeces correlated with virus elimination. Since 
large numbers of immunoglobulin-containing cells 
(presumptively antibody secreting) were detectable in the 
lamina propria of the small intestine, following infection,
it is reasonable to assume that the faecal antibody is 
locally produced. The most important class of immuno­
globulin produced appeared to be IgM. A non-immunoglobulin 
rotavirus inhibitor could also be detected at titres 
equivalent to induced antibody levels, in older piglets, 
both infected and uninfected.
The reductions in body weight, and hence differences
in virulence, were correlated with changes in the severity of
the gut lesion (as measured by the ratio villus length :
crypt length). Whilst both isolates could produce
similarly severe lesions in a particular area, virulence 
»
was found to be associated with the severity of the lesion 
throughout the. small intestine and also the length of time
for which the severe lesion persisted. Persistence of the
)
lesion was thought to be connected tfLth the induction of 
relatively ineffective antibody by the virulent rotavirus, 
possibly of a different immunoglobulin class to that induced 
by the other isolate. , Viral replication, and hence gut 
lesion, throughout the small intestine was thought to be 
governed by differences in cell differentiation along the 
length of the intestine and also possibly the production 
of viral inhibitors in the anterior region.
Some evidence exists for the role of cell-mediated 
immunity and macrophages in control of rotavirus infections, 
and may help to further explain differences in virulence, 
but more work is necessary before firm conclusions can 
be drawn.
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CHAPTER ONE 
INTRODUCTION
- 1 -
1.1 ROTAVIRUSES AND GASTROENTERITIS
1.1.1 Introduction
Acute gastroenteritis is one of the most common 
diseases of young mammals. In domestic animals economic 
losses are caused, not only due to mortality (ranging between 
0 and 80%) but also veterinary costs and decreas'ed produc-. 
tivity of the survivors. Infantile gastroenteritis, although 
generally a mild disease in Britain, remains a major cause 
of death during early childhood in many under-developed 
countries.
1.1.2 Viral aetiology of gastroenteritis
The aetiology of gastroenteritis has been the subject 
of research for many years. Es Cher ichia co1i has by many 
generally been considered to be the predominant agent, 
despite a lack of supporting evidence in the literature 
(Smith, 1962? Smith and Jones, 1963? Smith and Halls,
1967? Sinha and Tyrrell, 1973? Boyd et al., 1974).
Since the isolation of transmissible gastroenteritis virus 
(TGEV) of pigs (Doyle and Hutchings, 1946) evidence has 
accumulated for the existence of primary viral pathogens. 
Rotaviruses, first identified by Mebus et al. (1969) frcm 
the diarrhoeic faeces of calves have now been shown to be 
associated with outbreaks of diarrhoea in humans (Flewett 
et al. , 1973? Bishop et al., 1974? Holmes et al., 1974? 
Kapikian et al.., 1974? Middleton et al., 1974), calves 
(Mebus et al., 1969? Woode et al. , 1974? McNulty et al. , 
1976a), piglets (Rodger et al., 1975a? Lecce et al., 1976? 
McNulty et al., 1976b? Woode et al., 1976a), lambs
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(McNulty et al., 1976c? Snodgrass et al., 1976a), foals 
(Flewett et al., 1975a), turkeys (McNulty et al,, 197 8a), 
kittens (Snodgrass et al., 1979), rabbits (Bryden et al.,
1976) and wild animals, including deer (Tzipori et al.,
1976). Although experimental studies have shown that 
rotaviruses can behave as primary pathogens, in natural 
outbreaks of gastroenteritis they are often associated 
with other known pathogens such as Escherichia coli, 
salmonella, coccidia, coronaviruses and other unidentified 
small viruses (Woode et al., 197 4? Acres et al., 197 5;
Morin et al., 1976? Scherrer et al., 1976? Flewett and 
Woode, 1978).
Tajima (1970) found TGEV to be a coronavirus, and 
this group of viruses has now been associated with porcine 
epidemic diaArhoea.(Chasey and Cartwright, 1978? Pensaert 
and Bouk, 1978) and outbreaks of diarrhoea in calves 
(Mebus et al., 1973a? Bridger et al., 1978). Parvoviruses 
have also been reported to cause calf diarrhoea (Storz 
and Bates, 1973) and a small virus possibly related to 
Parvoviruses, termed the Norwalk agent has been shown to 
cause diarrhoea in man (Dolin et al., 1972) . Adenoviruses 
have been implicated in some outbreaks of acute gastro­
enteritis in children (Schoub et al., 1975? Patterson et al. 
1975; and Flewett, 1976). Large numbers of small 
unidentified viruses termed 'astrovirus' and 1calicivirus1 
have been observed in the faeces of some children with 
diarrhoea (Appleton and Higgins, 1975; Madeley and 
Cosgrove, 1975a, 1976? Madeley et al., 1977). Similar 
viruses seen in faeces from calves in diarrhoea (Woode 
et al., 1974; Bridger et al., 1978) have been isolated
- 3 -
free of other known pathogens, and the calicivirus-like 
agent found to be pathogenic in gnotobiotic calves (Woode 
and Bridger, 1978). Astroviruses have also been detected 
in the faeces of lambs with diarrhoea (Snodgrass and Gray,
1977).
1.2 ROTAVIRUSES
*1.2.1. Morphology and .Morphogenesis
Woode et al. (1976b) found it impossible to distinguish
by size and shape, negatively-stained rotavirus particles
from the diarrhoeic faeces of children, calves, infant mice,
. »
piglets and foals, the SA 11, 'O1 and bovine viruses from 
infected tissue cultures,, or those particles found in the 
faeces of piglets fed the human, bovine, porcine, equine 
or murine viruses. Other comparative studies (Kapikian? 
et al.,,'1976? .McNulty, et al. , 1976c) have confirmed this.
Intact rotavirus particles have a double-layered capsid 
structure which, when viewed using negative stain electron 
microscopy gives the virus a precise margin (Flewett et al., 
1973). These intact particles, variously described as 
double shelled (Holmes et al,., 1975) or smooth (Woode et al., 
1976b) have a diameter of between 66 nm and 68 nm and can 
lose their outer layer with a concomitant reduction in 
diameter of about 10 nm (Bridger and Woode, 1976; Palmer 
et al. , 1977)., As well as a mixture of both particle types, 
faeces from infected animals have occasionally been found 
to contain tubules of capsid protein (Holmes et al., 1975; 
Woode et al., 1976b). Penetration of rotaviruses by 
negative stain reveals a hexagonal electron-dense centre 
about 38 nm in diameter (Martin et al., 1975).
-  4 -
The morphology of the two capsid layers has not been 
fully resolved. Flewett et al. (1974) proposed that the 
outer layer was composed of T-shaped capsomeres. However, 
Martin et al. (1975) observed that the posts of these 
'T's appeared to be derived from the walls of large U 
shaped morphological units comprising the inner capsid 
layer and Palmer et al. (1977) reported the outer layer 
was not composed of separate capsomeres, but instead was 
seen to be a continuous covering attached to the ends 
of the U-shaped units. Much and Zajac (1972), and Martin 
et al. (1975), both reported the inner capsid layer to 
consist of 32 large capscmeres which were clustered and 
conformed to a T. = 3 morphology. In turn these capsomeres 
appeared to be composed of separate wedge-shaped subunits 
sharing a second order of symmetry, that of a T = 9 
icosadeltahedron. . Stannard and Schoub (1977) presented 
evidence suggesting that these large capsomeres are artefacts. 
They proposed that the inner capsid comprised an icosahedral 
structure with 9 capsomeres per face and thus a total of 
180 capsomeres per particle. It was also suggested that 
the outer capsid layer consisted of a honeycomb-like structure 
corresponding to the lattice arrangement of the inner layer. 
Esparza and Gil (1978) presented a similar conclusion 
concerning the outer capsid, suggesting it is only 4-5 nm 
thick and is formed by planar structures, located on top 
of the inner shell subunits. These authors also disagree 
with the description of 32 large capsomeres in the inner 
layer, they propose instead the icosahedral arrangement 
of 320 subunits with T = 16 symmetry.
- 5 -
The morphogenesis of rotaviruses in intestinal epithelial 
cells and cell cultures has been widely reported.
Studies in intestinal cells include those in human (Holmes 
et al., 1975), calf (Stair et al., 1973; Hall et al.,
1976) , lamb (McNulty et al. , -1976c), pig (Chasey and Lucas, 
1977; Saif et al., 1978; Pearson and McNulty, 1979), 
and mouse (Adams and Kraft, 1967; Banfield et al., 1968) 
rotaviruses. Cell culture studies include rotaviruses 
frcm the calf (McNulty et al>, 1976d), pig (Saif et al.,
1978), and lamb (McNulty et al., 1978b), as well as the 
SAll and *0* agents (Lecatsas, 1972), originally isolated 
from the vervet monkey and the ruminant gut (Malherbe and 
Strickland-Cholmley, 1967).
The general observations are that virus•particles are 
predominantly present in distended cisternae of the rough 
endoplasmic reticulum, although they also occur free in the 
cytoplasm.
Outside the cisternae, masses of electron-dense, 
amorphous virus precursor material, containing virus cores 
are present. On. liberation, from this precursor material, 
virus particles appear to pass into the cisternae, some 
acquiring an envelope in the process. Apparently virus 
is released by dissolution of infected cells.
Different morphological types of rotavirus have been 
described in the infected cell, although estimates of their 
size, and which correspond to the different morphological 
types seen using negative staining have varied. Chasey
(1977) reports five types of particle seen in thin sections 
into which groups particles described by other authors may 
be placed.
- 6 -
Tubules, with, either a single membrane or a double 
membrane, and present in both the nucleus and cytoplasm 
of infected cells have been reported (Banfield et al, ,
1968; McNulty et al., 1978b; Saif et al,, 1978; and 
Pearson and McNulty, 1979). The presence of virus precursor 
material in cisternae of rough endoplasmic reticulum has 
also been observed (Stair et al., 1973; Saif et al.,
1978; and Pearson and McNulty, 1979) and Lecatsas (1972) 
reported its presence in the nucleus during infection with 
SAll virus. Crystalline arrays of virus have been detected 
in intestinal cells from infected calves (Stair, 1973), 
in calf kidney cells infected with the calf virus (Chasey,
1977) and in cells infected with the '0' agent (Lecatsas,
1972).
1.2.2 Biochemical and Biophysical Studies
Preliminary characterisation of the SAll, 'O' and 
EDIM (epizootic diarrhoea of infant mice) agents as well 
as calf rotavirus indicated that all the viruses were 
resistant to sodium deoxycholate and lipid solvents 
(although the 'O' agent lost some infectivity on treatment 
with ether or chloroform) , fairly stable at acid pH, 
themolabile at 50°C in the presence of M - M g C ^ , and possessed 
an RNA genome (Malherbe and Strickland-Cholmley, 1967;
Welch, 1971; Fernelius et al., 1972; Much and Zajac, 1972; 
and Welch and Thompson, 1973).
Further study of the nucleic acid of the bovine virus 
showed that it was double stranded, and consisted of 11 
or 12 RNA segments with a total molecular weight of 11 or 
12 x 106 (Newman et al., 1975; Rodger et al., 1975b).
- 7 -
These results have been confirmed and extended to human*
(Kalica et al., 1976; Schnagl and Holmes, 1976), pig 
(Todd and McNulty, 1976) and lamb (Todd and McNulty, 1977) 
rotaviruses as well as the SAll and '0' agents (Kalica 
et al., 1976). Variations in the molecular weights of 
individual RNA segments of rotaviruses from different animal 
species have also been reported (Kalica et al., 1976;
Schnagl and Holmes, 1976; Todd and McNulty, 1977; Verly 
and Cohen, 1977).
The polypeptide composition of rotaviruses has been 
investigated with human (Rodger et al., 1975b and Obijeski,
1977), calf (Newman et al., 1975; Rodger et al., 1975br 
1977; Bridger and Woode, 1976), and the lamb rotavirus 
(Todd and McNulty, 1977) as well as the SAll agent (Rodger 
et al., 1977). Two major and three or four minor 
polypeptides have been found to be associated with the inner 
capsid of rotavirus.particles (Newman et al., 1975; Rodger 
et al., 1975b, 1977; Bridger and Woode, 1976; and Todd 
and McNulty, 197.7) . Rodger et al. (1977) and Todd and 
McNulty (.1977) report three or four polypeptides to be 
present in the outer capsid; however, Bridger and Woode
(1976) concluded that it only contained one polypeptide. 
Rodger et al. (1977) also reported that the major polypeptide 
component of the outer capsid was glycosylated, and that 
whilst polyacrylamide gel profiles of single-shelled SAll 
virus and human and calf, rotavirus were indistinguishable, 
differences (between these viruses) could be detected in 
the low molecular weight components of the outer shell.
The buoyant densities in caesium chloride of double 
and single shelled particles have been found to be approxi-
- 8 -
mately 1.36 and 1.38 g/ml respectively (Petrie et al. ,
1975; Bridger and Woode, 1976; and Elias, 1977), whilst 
empty particles possess a density between 1.30 and 1.32 
g/ml. Infectivity was found to reside mainly with those 
particles banding at a density of 1.36 g/ml (Bridger and 
Woode, 1976; and Elias, 1977).
The presence of an RNA-dependent RNA-polymerase in 
single shelled particles of bovine virus has been reported 
(Cohen, 1977). Little enzyme activity was detected in 
double shelled particles. However following heat shock 
or treatment with EDTA (ethylene diamino tetra acetic acid) 
activation occurred, accompanied by a change in buoyant 
density, in caesium chloride, frcm 1.36 g/ml to 1.38 g/ml.
1.2.3 Antigenic Relationships
Flewett et al. (1974) first demonstrated an antigenic 
relationship between bovine and human rotavirus, using an 
immunofluorescence test. Kapikian et al. (1974, 1975, 
and 1976) confirmed this relationship and extended it to 
include the virus of EDIM and the SAll and *0* agents 
using a complement fixation test. Woode et al. (1976b) 
described antigenic relationships, between rotaviruses from 
the faeces of children, calves, piglets, mice and foals, 
by immunoelectronmicroscopy, immunofluorescence in tissue 
culture, complement fixation and gel diffusion. Thouless 
at al. (1977^) also found it impossible to distinguish between 
human, calf, piglet, foal, mouse and lamb viruses by 
complement fixation or immunofluorescence. However it has 
been found to bk possible to distinguish between these
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viruses using a neutralisation test (Woode et al., 1976; 
Thouless et al., 1977a), or an enzyme-linked immunosorbent 
assay blocking test (Yolken et al., 1978). Lecatsas 
(1972) reported no cross neutralisation between the SAll 
and 'O' agents. Thus it would appear that both a group- 
specific antigen, detectable by complement fixation and 
immunofluorescence, and a type-specific antigen, detectable 
by neutralisation may exist.
Using immuno-electron microscopy, single-shelled 
rotavirus particles isolated from different animal species 
were found to react serologically with convalescent serum 
regardless of the species of origin of the sera, and antibody 
molecules could be visualised adhering to the inner capsid.
i
However, these antisera differed in their ability to react 
with the outer capsid layer of the viruses investigated 
(Woode et al., 1976; and Schoub et al., 1977).
A comparison of titres of sera collected frcrn different 
animal species using both neutralisation and immuno- 
fluorescent tests revealed that sera incapable of neutralising 
calf virus possess very high immunofluorescent titres, hence 
showing that the antigens involved in neutralisation and 
immunofluorescence are different (Woode et al., 1976).
A haemagglutin has been found to present in preparations of 
human and calf rotavirus CSpence et al. , 1976; Inaba 
et al. , 1977) , and to be associated only with double-shelied, 
but not single-shelled particles. . Conversely complement 
fixing activity appears to be associated with single-shelied 
particles (Fauvel et- al., 1978). However, titres obtained 
using a haemagglutination test have been found to show good 
correlation with titres obtained in neutralisation tests
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(Inaba et al., 197 7) . The above results would seem to 
indicate that the group-specific antigen is associated with 
the inner capsid, whilst the type-specific antigen is 
associated with the outer capsid layer of the virus. This 
has now been unequivocally shown for the calf rotavirus 
(Bridger, 1978). The suggestion that more than one serotype 
of rotavirus may exist was proposed by Spence et al. (1976). 
Confirmatory evidence for this has been obtained by Thouless 
et al. (1978), Zissis and Lambert (1978), and Yolken et al.
(1978).
1.2.4 Laboratory Diagnosis
Initially the diagnosis of rotavirus infection was 
based upon two techniques, electron microscopy and 
immunofluorescence. The discovery that virus was present 
in sufficient quantity in infected faecal material to be 
visualized by electron microscopy using negative stained 
preparations (Flewett et al., 1973?. Bishop et al. , 197 4) 
has led to routine adoption of this method as a standard 
diagnostic technique. A refinement of this technique, 
immune electron microscopy, has been used with either 
specific antisera (Fernelius et al., 1972? Bridger and 
Woode, 1975), or pooled sera from adult animals (McNulty 
et al., 1976e). Several immunofluorescent techniques 
have been tried,including treatment of faecal smears in 
order to visualize infected cells or cellular debris 
(Mebus et al., 1969)? McNulty et al., 1976e), as well as 
a free-virus immunofluorescence assay, in which virus in 
the faeces is complexed with antibody prior to immuno- 
fluorescent staining (Foster et al,, 1975? Yolken et al. ,
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1977a). The most useful immunofluorescent method has been 
the staining of cell cultures inoculated with faecal 
preparations for the presence of rotavirus antigens 
(Barnett et al.-, 1975; Bridger and Woode, 1975). The 
sensitivity of this method has been increased for human 
rotavirus by the application of low speed centrifugation 
immediately after inoculation (Banatvala et al., 1975;
Bryden et al., 1977), or by infecting freshly trypsinised 
cells in suspension (McNulty et a h , 1976c).
Several other diagnostic techniques have been used.
For instance Spence et a l (1975) and Tufvesson and 
Johnson (1976a) applied a complement fixation test to 
faecal samples and have claimed that it could be as 
sensitive as electron microscopy. However, anticcmpli- 
mentary activity is present in many faecal samples. 
Counter-ilnmunoelectrosmophoresis has also been used as 
a diagnostic technique, although opinions as to its 
sensitivity vary. Spence et al. (1975) and Middleton et al.
(1976) both found it less sensitive than electron microscopy, 
whilst Tufvesson and Johnson (1976b) and Graubelle et al.
(1977) found the test to be equally sensitive. Kalica
et al. (1977) and Middleton et al. (1977a) used a solid-phase 
radio-immuno assay for rotavirus which apparently gave 
comparable results to.electron microscopy. Ellens and 
deLeeuw (.1977) and Yolken et al. (1977b) developed an 
enzyme-linked immunosorbent assay which was potentially 
one hundred times more sensitive than electron microscopy.
Serological diagnosis of rotavirus infection may 
be obtained by complement fixation (Kapikian et al. , 197 4;, 
1975, 1976), immunofluorescence (Woode et al., 1976b),
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neutralisation (Thouless et al., 1977a), haemagglutination 
tests (Fauvel et al., 1978) and immunodiffusion tests 
(Mathan et al. , 1977) . n
1.2.5 In Vitro Culture
Most rotaviruses have proved to be extremely difficult 
to adapt to growth in tissue culture with the production 
of cell free infectious virus. The only successful 
examples concern certain isolates of bovine rotaviruses 
(Mebus et al., 1971a; Bridger and Woode, 1975; McNulty 
et al. , 1976f) , and the SA11 virus and *0' agent (Malherbe 
and- Strickland-Cholmley, 1967). Wyatt et al. (1976) 
reported evidence of this type for an isolate of human 
rotavirus in human embryo kidney cells whilst Theil et al.
(1977) have reported the serial passage of pig rotavirus 
in pig: kidney cell cultures, providing the inoculum was 
pretreated with either pancreatin or trypsin. Enhanced 
"growth11 and serial passage of pig rotavirus in tissue 
culture whilst in the presence of between 1 yg - 10 yg ' 
of trypsin has also been described (Almeida et al., 1978) 
and preliminary results also indicate that the same 
technique may be effective for human rotavirus. It is 
also recognised that some rotaviruses can be said to infect 
certain cell cultures and some organ cultures in the sense 
that viral antigen is synthesised intracellularly (Wyatt 
et al., 1974; Banatvala et al., 1975; McNulty et al. , 
1976c; Woode et al. , 1976a) , but such antigen is usually 
undetectable after 4 passages. McNulty et al. (197 8b) 
describe the synthesis of coreless, probably defective 
virus particles, in.pig kidney cells infected with either
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pig or lamb rotaviruses, not adapted to serial growth in 
cell culture. Comparable numbers of coreless particles 
were not seen in infected intestinal epithelial cells.
A plaque assay for cell-culture-adapted calf rotavirus 
has been described using a rhesus monkey kidney cell line 
(Matsuno et al., 1977). However both diethylaminoethyl 
dextran and trypsin had: to be included in the overlay for 
efficient plaquing to occur.
1.2.6 Rotavirus Infection, Pathology and Pathogenesis
The clinical signs of naturally-occurring and 
experimentally-induced rotavirus infection have been described 
in calves (Mebus et al.,. 1969; Woode and Bridger, 1975), 
piglets (Pearson and McNulty, 1977), and lambs (Snodgrass 
et al., 1976a, b), and to a limited extent in humans 
(.Middleton et al. , 1974) . Generally the outbreak occurs 
as a sudden and rapidly spreading epizootic, with a short 
incubation period of about 18-96 h. The predominant 
symptoms are depression and anorexia, followed by profuse 
diarrhoea. Vomition prior to diarrhoea has been described 
in piglets (Lecce et al., 1976; McNulty et al., 1976b; 
and Woode et al., 1976a), and humans (Flewett, 1977).
The course of disease is usually about 4-8 days, although 
Flewett et al. (1975b) have described diarrhoea in a child 
which lasted for more than 30 days, in which rotavirus was 
detectable in the faeces for 23 days. The disease may be 
fatal.
The pathology of rotavirus infection has been studied 
in man (Holmes et al. ,. 1975; Bishop et al., 1973) , calves 
(Mebus et al., 1969; Morin et al. , 1976; Mebus et al. ,
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1971b; Pearson et al., 1978), piglets (Woode et al., 1976a; 
Torres Medina et al., 1976; Hall et al., 1976; Lecce 
et al., 1976; Pearson and McNulty, 1977; •Theil et al.,
1978), lambs (Snodgrass et al., 1977a), and mice (Adams 
and Kraft, 1967). The principal site of rotavirus 
replication has been shown to be the villus epithelium 
of the small intestine, although a few immunofluorescent 
cells have been detected in the large intestine of infected 
lambs (Snodgrass et al., 1977a) and piglets (Theil et al.,
1978). Histopathological changes have also been described 
in the stomach and lungs of infected piglets (Hall et al.,
1976; Pearson and McNulty, 1977) and in the lungs of infected 
lambs (Snodgrass et al., 1977a) , but these were not associated . 
with rotavirus immunofluorescence. Generally there is a 
diminution of the villi of the small intestine and progressive 
replacement of the epithelium with squamous and cuboidal 
cells which lack a brush border. Adhesion and fusion of 
stunted villi has also been described (Lecce et al., 1976; 
Pearson and McNulty, 1977). The tips of the villi are 
frequently denuded of epithelium, although the widespread 
denudation reported by some workers could be an artefact 
resulting from autolytic changes (Pearson et al., 1978).
The pathogenesis of rotavirus infection appears to 
mimic the pathogenesis of transmissible gastroenteritis 
virus of pigs (reviewed Woode and Bridger, 1975; Pensaert, 
1971; and Woode, 1969)... The infected cells are lost from 
the tips of the villi and are replaced with immature crypt 
cells (Mebus et al., 1971b; Hall et al., 1976; Snodgrass 
et al., 1977a). It is proposed that infection results in 
a faster than normal turnover of villus epithelial cells
- 15 -
and that alteration of these cells from columnar to 
cuboidal or squamous types reflects an attempt to keep 
the lamina propria covered with epithelium. Mebus et al. 
(1971b) showed that these immature cells were apparently 
resistant to reinfection and it has been suggested this 
may be due to a lack of receptors for the virus (Holmes 
et al., 1976). These epithelial cells have also been shown 
to possess reduced levels of disaccharidases and possibly 
also an impaired capacity to absorb glucose and galactose 
(Bishop et al., 1973; Halpin and Caple, 1976). The 
loss of the absorptive cells of the small intestine, and 
even earlier, the loss in function of these cells following 
virus infection, is assumed to result in a malabsorption 
syndrome (Woode et al..,. 1978) . This is exacerbated by 
the decreased ability to utilise dietary lactose resulting 
in its accumulation in the large intestine where it prevents 
absorption of water by exerting an osmotic effect.
1.2.7 Epidemiology, Prevention and Control
Rotavirus infections occur primarily in young animals, 
and have been described occurring in the first four weeks 
ofBlife in calves (Woode and Bridger, 1975), piglets 
(Lecce et al., 1976; McNulty et al., 1976b; Woode et al., 
1976a), foals (Flewett et al., 1975a), lambs (Snodgrass et al., 
1976a), and mice (Cheever and Mueller, 1947). . In humans 
however, whilst infection of the neonate has been reported 
(Chrystie et al.,.1975; Madeley and Cosgrove, 1975b;
Murphy et al. ,. 1977) children, between the ages of 6 months 
and 1 year appear to be more susceptible (Davidson et al., 
1975; Madeley et al.,. 1977) . Infection of both adult
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animals (Bridger and Woode, 1975; McNulty et al., 1976b) 
and humans (von Bonsdorff et al., 1976), has been described 
although the disease is less severe (Bridger and Woode,
1975; Lecce et al,, 1976? Snodgrass et al., 1976a).
It has also been suggested that rotaviruses are capable 
of crossing the placenta and infecting the foetus in utero 
(McNulty et al. , 1976a) .
Seasonal variations have been detected for the incidence
of rotavirus infection in humans, for instance a greater
incidence of rotavirus-associated gastroenteritis has been
reported during the winter months,, in England (Bryden
et al., 1975), Australia (Davidson et al., 1975), and
*
.Canada (Middleton et. al., 1977b). However, it is probable 
that most infections are subclinical because antibody is 
found in 90-100% of young adult humans and other animals 
(Woode, 1976).
Asymptomatic infections have also been reported in 
human neonates (Chrystie et al., 1975? Madeley and Cosgrove, 
1975b? Murphy et al., 1977), and it is possible that these 
may be due to infection whilst the neonate is under the 
protection of maternal immunity.. This hypothesis is further 
strengthened by the detection of anti-rotavirus antibody 
in human milk (Thouless et al ., 1977b? Simhon and Mata,
1978). The possibility of asymptomatic infections due to 
avirulent strains of rotavirus is suggested by the evidence 
that rotaviruses isolated from foals, lambs and children, 
inoculated orally into gnotobiotic piglets were found to 
induce an antibody response but no signs of clinical disease 
(Bridger et al., 1975? Woode et al., 1976b).
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Circulating antibody derived from colostrum has been 
shown to be unable to protect animals from rotavirus infection. 
However, the presence of colostral antibody or immune serum 
within the intestinal lumen was found to protect calves 
(Bridger and Woode, 19.75; McNulty et al., 1976a), piglets 
(Lecce et al., 1976), and lambs (Snodgrass and Wells,
1976, 1978), although virus may still be shed. The protec­
tive effect of colostrum depends upon its antibody content, 
and the volume ingested (McNulty et al., 1976a; Snodgrass 
and Wells, 1978).
A live attenuated: vaccine has been developed against 
calf rotavirus infection (Mebus et al., 1972). The oral 
administration of this vaccine at birth was.intended to 
protect the calf against infection two or three days later. 
However although some field trials have indicated that 
vaccination resulted in a reduction in both the severity 
and incidence of diarrhoea as compared with previous calving, 
seasons (Mebus et al.., 1972, 1973b; Twiehaus et al., 1975) 
other studies using a different experimental design have 
cast doubts upon the efficacy of the vaccine (Newman et al., 
1973; Acres and Radostits, 1976).
The inoculation of pregnant cows with an inactivated 
vaccine has been done in an attempt to boost colostral 
antibody titres against rotavirus (Mebus et al. , 1973b) 
and the incidence of diarrhoea in calves born to such mothers 
was found to be significantly reduced, presumably because 
of the presence of increased levels; of anti-rotavirus antibody 
in the gut lumen of the calves. The vaccination of 
piglets with the calf rotavirus vaccine was shown to be 
ineffective in inducing immunity against challenge with a 
pig rotavirus (Lecce and King, 1979).
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1.3 LOCAL IMMUNITY IN THE INTESTINE
1.3.1 Introduction
The intestine is exposed almost continuously to a 
variety of toxic and infectious agents. Although studies 
have been limited to only a few pathogens, it is evident 
that protection against organisms entering the body via 
the intestine may depend upon a local immune system that 
appears unique in many ways,or a combination of local and 
systemic immune mechanisms.
1.3.2 Maternal Immunity in.the Neonate
In the period immediately following birth the neonatal 
pig, calf, lamb and foal acquire maternal immunoglobulin 
from the colostrum of the dam (Brambell, 1970? Simpson-Morgan 
and Smeaton, 1972), in contrast to primates where immuno­
globulins are selectively transferred from the maternal 
to the foetal circulation in the last third of the gestation 
period (Gitlin et al.., 1974).
It has been established that in the calf, absorbtion 
of colostral immunoglobulins by the intestinal epithelial 
cells is a non-selective process (Balfour and Camline,
1959; Brandon and Lascelles, 1971), and this has also been 
substantiated for the pig (Lecce and Morgan, 1962; Porter, 
1969), lamb (Lecce and Morgan, 1962), and foal (Jeffcott,
1974). Evidence exists that immunoglobulin absorption 
may be enhanced by factors present in colostrum (Balfour 
and Comline, 1962). In constrast to colostral absorption, 
a highly specific mechanism operates in the colostrum- 
forming mammary glands of cows, sheep, pigs and horses,
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causing large amounts of IgG (relative to IgA and IgM) 
to concentrate in the colostrum (Porter et al., 1970a? 
Jeffcott, 1972; Lascelles and McDowell, 1974). In the pig, 
two days after lactation has commenced IgA becomes the 
predominant immunoglobulin in sows' milk, reflecting the 
role of IgA in providing protection in the alimentary tract. 
The duration of immunoglobulin absorption by the intestine 
is considered to be approximately 24-48 h in pigs, calves, 
lambs and foals (Pierce, 1955; Lecce and Morgan, 1962; 
Jeffcott, 1971)*
1.3.3 Local Secretory immunity
Davies (1922) convincingly demonstrated that oral 
administration of killed or living cultures of shigella 
elicited specific intestinal resistance to infection, whilst 
systemic immunity was virtually absent. Later work 
(Burrows et al., 1947; Burrows and Havens, 19 48), using 
Vibrio cholera in guinea pigs emphasised this separation of 
local and circulating immune systems, and correlated local 
resistance against oral challenge with levels of faecal 
antibody.
Lascelles and McDowell (197 4), pointed out that an
increase in antibody at a local site, may simple reflect
extravasation of humoral antibody due to an increased
permeability of capillaries when antigen is applied.
Evidence exists, suggesting that the gastrointestinal tract
is responsible for a substantial amount of catabolism of
circulating immunoglobulin and other serum proteins.
131Wernet et al. (1971) have shown using I-labelled
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immunoglobulins that IgG and to a lesser extend IgM and 
IgA were readily transported from serum tp intestinal 
fluids.
Most commonly, humoral immunity manifested in the 
gastrointestinal tract of mammals is due to the presence 
of secretory IgA (slgA). Heremans and Vaerman (1971), 
found that IgA either predominated or was at least more 
concentrated in secretions than in serum from all of many 
mammals examined.
Heremans et al. (1959), first isolated IgA from human 
serum and defined some of its characteristic properties.
Tomasi et al'. (1965) , characterised the human slgA as a 
polymer of serum IgA containing 'extra1 antigenic sites, 
later found to occur on a separate polypeptide now called 
secretory component (S.C.) (South et al., 1966). Another 
polypeptide, the 'Jf chain, was later found in slgA, IgM 
and polymeric serum IgA (Halpern and Koshland, 1970).
The local synthesis of much of the slgA in secretions 
was inferred by the finding of many IgA plasma cells in the 
interstitium of human salivary glands (Tomasi et al. ,
1965) , and in the lamina propria of human and rabbit intestine 
(Crabbe et al., 1965? Crandall et al., 1967).
In the pig, slgA exists as a dimeric molecule, 
containing secretory component, with a sedimentation 
coefficient of about 11S (Porter et al., 1970b; Bourne,
1971? Bourne et al., 1971). Contradictory results exist 
for both IgG and IgM. Porter et al. (1970b), presented 
evidence indicating that IgM was probably a 7S moncmer and 
IgG was variable with, in some pigs very small IgG fragments 
occurring in intestinal secretions, whilst Bourne et al.
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(1971), presented other evidence suggesting IgM to be 
a 19S polymer and IgG a 7S monomer. Plasma cells 
containing IgG and IgM localise in the lamina propria of 
the intestine, mainly between the crypts with relatively 
few in the villous cores (Allen and Porter, 1970: Allen
et al., 1973? Brown and Bourne, 1976a).
1.. 3 .4 Intestinal Secretion, of Immunoglobulin A and
immunoglobulin M 
Seme individuals, despite a selective lack of IgA 
remain healthy. It is speculated that this may be due to 
a compensatory local immune mechanism, expressed by 
enhanced local synthesis and secretion of IgM (Heremans 
and Crabbe, 1967? Brandtzaeg et al., 1968? Eidelman and 
Davis, 1968? Brandtzaeg, 1971) . Ogra et al. (197 4) , 
observed that IgM exhibited anti-virus activity in IgA 
deficient individuals. Immunochemical studies of IgM 
present in human serum, have demonstrated that 19 S pen tamers 
(which possess the J chain) contain SC (Brandtzaeg, 197 4a? 
Brandtzaeg, 1975), although earlier evidence (Brandtzaeg 
et al., 1968? Brandtzaeg, 1971), indicated that 19S IgM 
did not complex with SC. Eskeland and Brandtzaeg (1974), 
showed that IgM polymers lacking J chain failed to bind 
SC in Vitro, as has also been shown for IgA (Brandtzaeg, 
1976). Thus J chain appears mandatory for the spontaneous 
association of SC with either IgA or IgM. Rossen et al. 
(1968) , proposed SC to be a plasma cell product, whilst 
Tourville et al. (1969), claimed that the goblet cell was 
the major intestinal source. Other workers have 
reflected these findings, suggesting that it exists in a
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free form in the Golgi apparatus and in a bound form 
apically in the cytoplasm of the columnar epithelial cells 
(Sjtfltoft and S^eberg, 1972? PQger and Lamm, 1974;
Brandtzaeg, 1974b). Brown et al. (1975), using an immune~ 
peroxidase technique found that SC formed part of basal 
and lateral membrane surface of the intestinal epithelial 
cells. On the basis of such results, it has been suggested 
that SC may act as a receptor for IgA and IgM and hence 
play a role in the specific transport of these immuno­
globulins across the cell to the gut lumen (Tomasi et al., 
1965; South et al., 1966; Brandtzaeg, 1974b). However, 
further evidence for the role of SC as a receptor has not 
been forthcoming. Watson and Lascelles (1973), working 
on the secretion by the mammary gland of IgA and IgM obtained 
evidence suggesting that local production of these immuno­
globulins by plasma cells lying close to the basement 
membrane, created a concentration gradient leading to 
preferential transfer of IgA and IgM across the epithelium. 
Other mechanisms of secretion have been suggested:
Heremans and Crabbe (1967) , proposed that most intestinal 
IgA, diffuses between the epithelial cells into the gut 
lumen, where ccmplexing with SC occurs. However direct 
passage of IgA into the lumen would be restricted by the 
apical tight junctions between epithelial cells. It has 
therefore been suggested that IgA complexes with SC in the 
epithelial interstices, then enters the epithelial cell 
to be subsequently extruded into the lumen (Tourville et al. , 
1969; Tourville and Tomasi, 1969; and Franklin et al., 
1973). Ultrastructural studies designed to follow the 
intestinal secretion of IgA in pigs, suggested that
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pseudopodia from plasma cells adjacent to the crypts are 
sloughed off as vesicles, which then cross the basement 
membrane into the epithelial interstices and hence enter 
the columnar epithelial cells, complexing with SC was 
thought to occur after release into the gut lumen (Allen 
et al., 1973). Lamm (1976), suggested that the assembly 
of slgA takes place inside the epithelial cell, following 
the uptake of IgA by pinocytosis and the fusion of pinocytotic 
vesicles with Golgi vesicles containing SC.
It has been, established that in many species the .
intestine is the site of manufacture of much of the dimeric
IgA found in the blood (Heremans and Vaerman, 1971?
Lascelles and McDowell, 1974). In the human where serum 
&
IgA exists as a 7S monomer (Tomasi and Bienenstock, 1968), 
it is known that it is not derived from intestinal sources, 
since its concentration in thoracic duct lymph is low 
(Heremans and Vaerman, 1971.) . IgA in pig serum occurs as 
7S and 9.55S molecules, in approximately equal proportions. 
This information, combined with the finding of significant 
numbers of IgA containing cells in the spleen of pigs 
(Brown and Bourne, 1976b) suggests that in the pig, serum 
IgA may be derived from both the intestine and other lymphoid 
organs.
1.3.5 Origin of IgA-containing Cells in the Intestine
In the absence of intentional immunisation, it has 
been shown in rats by comparing the cell output frcm the 
thoracic duct with that from the intestinal lymphatics 
that both, the small and large lymphocytes in thoracic ■ 
duct lymph are derived almost exclusively from the intestinal
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bed (Mann and Higgins, 1950). Using intravenous transfusion 
of radio-labelled thoracic duct cells, Hall et al. (1972), 
found that the majority of large lymphocytes in thoracic 
duct lymph localise in the small intestine. Using 
DNA-synthesizing-cells teased from lymph nodes, Griscelli 
et al. (1969), showed that those from the mesenteric nodes 
are second only to those from the thoracic duct in the 
proportion which localise in the lamina propria, whilst 
those from peripheral, nodes elsewhere, show no predilection 
for the lamina propria. . These results imply the existence 
of a lymphocyte migratory pathway, from the intestine and 
gut-associated lymphoid tissue, via the thoracic duct to
the blood, and hence to the intestine. Large lymphocytes
%■ '
remain in the intestine, some differentiating into antibody 
producing cells, whilst.the small lymphocytes may recirculate 
back to the thoracic duct lymph. Evidence that intestinal 
IgA cells are derived from, large cells in thoracic duct lymph
was first presented by Guy-Grand et a 1. (1974), who 
demonstrated that, in mice, radio-labelled large thoracid 
duct lymphocytes, which accumulated in the intestine would 
also fluoresce with anti IgA sera. Further evidence was 
obtained by Pierce and Gowan.(1975), who by.establishing 
a thoracic duct fistula were able to prevent the appearance, 
in rat intestines, of IgA-containing cells of a certain 
antibody specificity. The appearance of these cells in 
the intestine could however be demonstrated after intravenous 
injection of thoracic duct lymphocytes rich in IgA containing 
cells of that antibody specificity. Husband et al. (1977), 
showed, using combined autoradiography and immunofluorescence 
that about 70% of those cells in the intestine, previously
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labelled as large thoracic duct lymphocytes using tritiated 
thymidine, also contained IgA,
Pierce and Gowans (1975), showed that when rats which 
had been primed intraperitoneally with cholera toxoid, were 
given an intraintestinal boost with fluid toxoid, a wave 
of antitoxin-containing large lymphocytes (ACC) appeared 
in thoracic duct lymph and subsequently in the intestine. 
The origin of these ACC is certainly in gut-associated 
lymphoid tissue, but which component is responsible for 
their generation? Their appeared to be two possibilities, 
either the mesenteric lymph nodes or Peyer’s patches.
Craig and Cebra (1971), showed that suspensions of cells 
teased from Peyer's patches.,' gave rise to IgA containing 
cells in the intestine and spleen of lethally irradiated 
allogeneic rabbits. Whilst the splenic localization of 
Peyers patch cells was. probably an artefact (Rudzig et al. ,
1975) , this clearly demonstrated that Peyer*s patches are 
an enriched source of potential IgA producing cells.
Jones and Cebra (197 4), have shown further that the Peyers 
patch precursor cells bear IgA on their surface and Befus 
et al. (1978), have reported the presence of IgA precursor 
cells in the lamina propria as well as Peyers patches.
The contribution of Peyer's patches to the ACC response .. 
mentioned earlier has been investigated in similarly 
primed rats (Husband et al., 1977). These experiments 
involved Thiry-Vella loops from which either Peyers patches 
or the mesenteric lymph nodes had been surgically removed 
and time allowed for the torn lymphatics to regenerate and 
re-establish a normal.flow of lymph into the thoracic duct. 
Results showed that the ACC response originated in Peyers
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patches and that the mesenteric lymph node played little or 
no part. Similar evidence for the contribution of the 
intestine rather than the mesenteric lymph, node to the 
intestinal IgA cell response has been obtained from sheep 
(Beh, 1977).
1.3.6 Localisation of Large Lymphocytes in the Intestine
Gowans and Knight (1964), having demonstrated that the 
large lymphocytes in thoracic duct lymph returned almost 
exclusively to the intestine, proposed that an antigen 
driven mechanism might play an important part in determining 
their localization, in the gut.
There have been several suggestions regarding possible 
mechanisms for the apparent tissue specificity of these 
migrating cells. Moore and Hall (1972), proposed the 
existence of* a hypothetical receptor on the surface of 
cells derived from gut-associated lymphoid tissue which 
would be recognised by a complementary receptor on the 
vascular endothelium of the gut. Many authors have 
attempted to implicate IgA and SC in such a receptor system 
(Brandtzaeg, 1973? Guy-Grand et al., 1974? McWilliams 
et al., 1975? Hopkins and Hall, 1976). However, the cell 
surface IgA on lymphocytes is primarily monomeric (Brandtzaeg,
1976), and thus it is unable to bind SC, also McWilliams 
et al. (1975), were unable to alter the gut-homing properties 
of transferred mesenteric lymph node cells by pretreatment 
of recipient mice with antibodies directed against either 
SC or IgA.
Contradictory findings regarding the importance of 
antigen in determining the localization of large lymphocytes
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in the gut have also been obtained. Halstead and Hall
(1972), Parrot and Ferguson (1974), and Guy-Grand et al.
(1974), found that large lymphocytes will still home 
selectively into neonatal or embryonic intestine, which is 
presumptively antigen free. This Implies that factors 
other than antigen determine the gut-homing of large 
lymphocytes. However, Ogra and Karzon (1969), showed that 
following local immunisation of a segment of human colon, 
specific IgA was confined entirely to the immunised segment 
and Husband and Lascelles (1974), reported similar findings 
in sheep with Thiry-Vella loops. Pierce and Gowans 
C1975), reported that the density of cells in the lamina 
propria producing IgA antibody against cholera toxoid, was 
always highest in that region of the intestine which 
had been challenged with the antigen, whilst the small 
intestine of non-immunised rats rapidly accumulated ACC,*, 
following intravenous injection of lymphocytes obtained 
from the thoracic duct of immunised donors. These results 
suggest that there may be two independent processes, firstly 
the migration of large lymphocytes into the lamina propria 
and secondly an antigen-dependent immobilization of cells 
in the lamina propria. It may therefore be possible that 
if specific antigen is not present in the gut, cells may 
leave the gut, re-enter the lymphatics and recirculate via 
the thoracic duct and the blood. Confirmatory results 
have been obtained by Husband et al. (1977), using Thiry- 
Vella loops in rats, where despite the fact that approxi­
mately equal numbers of IgA containing cells were found 
in challenged and non-challenged loops (indicating the 
absence of non specific attraction of IgA cells to the
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immunised loops), the greatest number of ACC (which are 
mainly of IgA specificity), were present in the challenged 
loops.
Crabbe and Heremans (1966), reported differences in 
lymphoid cell population amongst small intestinal lymphoid 
tissue. Human duodenum showed a higher lymphoid cell 
population than the jejunum or ileum. This has also been 
reported in the pig (Brown and Bourne, 1976b).
1.3.7 Characteristics of: the intestinal immune Response
One of the characteristics of the intestinal IgA 
response is its relative thymus dependency; many authors 
suggest that the reason for this is that the differentiation 
of lymphocytes to IgA plasma cells represents a terminal 
differentiation, highly dependent on the helper function of 
T cells (Perey et al., 1970? Clough et al., 1971;
Vitetta et al., 1974; van Muiswinkel and van Soest, 1975).
In man, Delespesse et a I.- (1976) , have shown that IgA 
deficiency syndromes may result from a failure of lymphocytes 
to differentiate into IgA-secreting plasma cells because 
of thymic dysfunction. Similarly nude mice have been 
shown to be deficient in IgA (Pritchard et al., 1973).
IgA responses may also be complement dependent, since the 
IgA response to oral immunization is inhibited in mice by 
depletion of serum complement using cobra venom (Pepys 
et al., 1976). There is also a high proportion of 
lymphocytes carrying complement receptors in Peyer1 s patches 
of rats (McWilliams et al., 1975).
The intestinal IgA response has been found to be 
accompanied by a biphasic IgM cell, response, in the
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lamina propria (Dolezel and Bienenstock, 1971; Werner 
et al., 1971).
The existence of a memory component in the intestinal 
IgA response is a point of controversy. It has been shown 
that the continued presence in the intestine of gut 
microorganisms is necessary in order to maintain antibody 
levels against these organisms (Foo et al., 1974). Porter 
et al, (1974) obtained intestinal IgA responses of similar 
magnitudes despite repeated challenge with Escherichia coli 
antigens. On the other hand, Husband and Lascelles (197 4), 
reported that repeated local immunization of the gut of 
sheep lead to successively greater antibody production, 
and Pierce and Gowans (1975), demonstrated that Peyers 
patches in rats have the capacity to accumulate IgA memory 
cells from elsewhere. Convincing evidence also exists 
for the presence of immunological memory in the slgA 
responses of the respiratory tract (Buscho et al., 1972; 
Gerbrandy and van Dura, 1972). It is possible that the 
generation of IgA memory cells depends on previous systemic 
sensitization, perhaps, as a result of the escape of antigen 
from the intestinal lumen and its accumulation in extra- 
intestinal lymphoid tissue (Rothberg et al., 1967;
Korenblat et al..,, 1968; Strammegard and Yurchison, 1969).
Evidence exists suggesting that IgA cells producing 
antibody to antigens encountered in the intestine may also 
populate other mucosal sites. Intestinal immunization or 
infection has led to the production of specific IgA antibody 
in mammary gland secretion (Porter et al. , 1970a; Saif et al., 
1972) , and in saliva (Arnold et al. , 1976) . Rudzig et al.
(1975), found that bronchus-associated lymphoid tissue had
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the ability to repopulate the intestine of irradiated 
rabbits, with IgA plasma cells. These results are consistent 
with the concept that the organized subepithelial lymphoid 
tissue of the various mucous membranes form a ccmmon 
system.
1.3.8 Local Cell-M e d i a t e d  immunity
Cell-mediated immunity (CMI) on secretory surfaces 
has not been studied in detail. The appearance of 
sensitized lymphocytes, as measured by the production of 
macrophage migration inhibition factor (MIF), in the 
respiratory tract, as compared with the spleen of guinea 
pigs immunised either locally or systemically with dinitro- 
phenylated human gamma globulin (Henney and Waldman, 1970), 
or influenza virus (Waldman et al., 1972), has been 
investigated. The results indicated that the CMI response 
was associated with lymphocytes from the respiratory tract 
in guinea pigs locally immunized, but not in those systemi­
cally immunized, and that splenic lymphocytes from 
systemically immunized animals inhibited macrophage 
migration whilst those from locally immunized animals did 
not.
The local. CMI response has also been studied in pigs 
Infected with transmissible gastroenteritis virus 
(Frederick and Bohl, 1976). Oral infection was shown .to 
induce the appearance of sensitized lymphocytes in both 
the lamina propria of the intestine and in the spleen.
However the lymphocytes of the lamina propria produced 
more MIF than did equal numbers of splenic lymphocytes. 
Subcutaneous injection of the virus resulted in the
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production of MIF by splenic lymphocytes and not by those 
in the lamina propria.
Both Waldman et al, (1972), and Fredrick and Bohl
(1976), could find no correlation between humoral and CMI 
responses. However Waldman et al. (1972), found that 
massive antigenic administration either locally or 
systemically would overcome the ccmpartmentalization of the 
CMI response.
!.4 A BACKGROUND TO THE THESIS
This thesis arose from a desire to be able to provide' 
protection against rotavirus infection to the neonatal 
pig. In order to successfully provide protection, an 
adequate understanding of the mechanism (s) of immunity 
involved \n the control of this disease are first required; 
in turn this requires a knowledge of its pathogenesis.
The thesis was therefore initially concerned with an 
examination of the pathogenesis of rotavirus infection, 
identifying in the process the appearance of natural control 
mechanisms. Later work concentrated upon the nature of 
these control mechanisms. Piglets were infected with either 
of two rotavirus isolates of differing virulence in an 
attempt to identify a basic mechanism involved in the 
expression of high virulence.
Five-day-old piglets were used for the experiments 
as they recover from rotavirus infection after 4-7 days, 
whilst newborn piglets usually die within three days 
Older piglets show a more variable response to infection.
Due to the high risk of accidental infection, and also
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cross contamination between different groups of animals it 
was decided to keep the piglets under gnotobiotic conditions. 
This in turn led to a restriction, four-week-old piglets 
are too large to be comfortably housed in the isolators 
used and thus experimental observations were limited to a 
three week period after infection.
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CHAPTER TWO 
MATERIALS AND METHODS
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2.1 INTRODUCTION
This chapter contains a list of materials and methods 
used in the examination of pathogenesis and immune response 
of the gnotobiotic piglet to rotavirus diarrhoea, described 
in this thesis. Any attempted modification of the basic 
technique is described in the relevant chapter.
2.2 MATERIALS
2.2.1 Antisera
All viral inocula consisted of faecal filtrates.
G199 - Bovine anti-bovine rotavirus. This antiserum 
was produced from a gnotobiotic calf, infected orally at 
5 days of age and bled out 4 weeks later; The original 
inoculum was later found to contain not only bovine 
rotavirus, but also 1 small’ viruses of the astrovirus-like 
and’ calicivirus-like types (Woode and Bridger, 1978) .
The serum had a titre in the indirect immunofluorescent 
antibody test (FA) of 160 against porcine rotavirus isolates 
SW20/21 and SW9/11.
L258 - Bovine anti-bovine rotavirus. This antiserum 
was produced by oral infection, of a 6-day-old gnotobiotic 
calf using unfiltered faecal material followed by an 
intravenous boost of live virus 24 days later. Four days 
later the calf was bled out. The serum had an FA titre 
of 160 against both porcine rotavirus isolates and virus 
neutralisation (VN) titres of 80 against SW20/21 PVIII 
and 3 20 against SW9/11 PIV.
39/3 Hyperimmune porcine anti SW20/21 PVII. This
antiserum was produced by oral infection of a 3-day-old,
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suckled, conventional piglet, with porcine rotavirus 
SW20/21 passed serially seven times in gnotobiotic piglets 
(PVII). Twenty-one and 31 days later the piglet was 
injected subcutaneously with live virus plus Freunds complete 
adjuvant, the serum being collected 10 days after the final 
subcutaneous injection. The hyperimmune serum had a FA 
titre of 640 against both rotavirus isolates.
77B - Hyperimmune porcine anti SW20/21 PVII. This 
antiserum was produced by oral infection of a 5-day-old 
gnotobiotic piglet with porcine rotavirus SW20/21 PVII 
and hyperimmunised using the same regime as 39/3. The 
hyperimmune serum had a FA titre of >640 against either 
rotavirus isolate and VN titres of 2560 against SW20/21 
PVIII and 320 against SW9/11 PIV.
27B - Convalescent porcine anti SW20/21 PVIII. This 
antiserum was produced by oral infection of a 5-day-old 
gnotobiotic piglet with porcine rotavirus SW20/21 PVIII.
The serum, was collected 30 days later and possessed VN 
titres of 1280 against SW20/21 PVIII and 160 against SW9/11 
PIV.
60B - Convalescent porcine anti SW9/11 PIV. This 
antiserum was produced by oral infection of a 5-day-old 
gnotobiotic piglet with porcine rotavirus SW9/II PIV.
The serum was collected 30 days later and possessed VN 
titres of 40 against SW20/21 PVIII and 320 against SW9/II 
PIV*
2.2.2 Buffers
Barbitone-buffered saline (BBS) - obtained in tablet 
form as Oxoid complement fixation test diluent tablets 
pH = 7.2.
- 36 -
Neutral buffered formalin
12% formalin in phosphate-buffered saline 
Phosphate buffered saline (PBS) pH 7.4
Solution a
sodium chloride 8.0 g
potassium chloride 0.2 g
disodium hydrogen phosphate 1.15 g
potassium hydrogen phosphate 0.2 g
double distilled water 1.0 1
Solution b 
calcium chloride 
PBSa
Solution c 
magnesium chloride 
PBSa
0.05M Tris - HC1 buffer pH 7.6 
0.05M hydrochloric acid 
0.05M; Tris
double distilled water
2.2.3 Conjugates
Rabbit anti-bovine immunoglobulin (RaB) and rabbit 
anti-swine immunoglobulin (RaSw) both conjugated with 
fluorescein isothiocyanate were obtained in 2 ml aliquots 
as freeze-dried preparations from Nordic Immunologicals. 
These were stored at +4°C until used. When required the 
conjugates were rehydrated using 2 ml double distilled 
water and stored as 0.5 ml aliquots (RaB) or 1.0 ml 
aliquots (RaSw) at -70°C.
19.2 ml 
25 .0 ml 
55.8 ml
0.1 g 
100 ml
0.1 g 
100 ml
Reo conjugate - Anti reovirus-like agent (rotavirus) 
conjugated with fluorescein isothiocyanate, supplied as 
a freeze-dried preparation by Norden Laboratories. These 
were stored at +4°C until used. When required the 
conjugate was rehydrated using distilled water and stored 
as 1.0 ml aliquots at -70°C.
F 510 - porcine anti-porcine rotavirus. This antiserum 
was kindly supplied directly conjugated with fluorescein 
isothiocyanate by Dr. E.H; Bohl (Ohio Agricultural Research 
and Development Center, U.S.A.) as a freeze-dried preparation. 
This was stored at +4°C until required, when it was 
reconstituted with double distilled water and stored as 
0.5 ml aliquots at -70°C.
Anti-porcine, immunoglobulins (anti IgM, IgA and IgG) . 
These were kindly supplied directly conjugated with horse 
radish peroxidase by Dr. F.J. Bourne (Department Animal 
Husbandry, University of Bristol, Langford House, Bristol) 
as freeze-dried preparations. These were stored at 
+4°C until required, when they were reconstituted with 
PBSa and stored in 0.25 ml aliquots at -70°C.
2.2.4 Enzyme substrates
Diamino benzidene/hydrogen peroxide substrate 
All solutions made up in 0.05M Tris - HCl buffer pH 7 .6 
0.5% Diaminobenzidene 1 ml
0.1% Hydrogen peroxide 1 ml
0.05M Tris-HCl buffer pH 7.6 8 ml
The substrate was made up fresh as required.
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2.2.5 Tissue Culture - stock solutions
Antibiotics
Fungizone (amphotericin B) 5 mg/ml
stored in 1 ml aliquots at -20°C, used to give a
final concentration of 0.1%
penicillin and streptomycin 10,000 units of each/ml
stored in 1 ml aliquots at -20°C, used to give a
final concentration of 1%
Eaglefs minimum essential medium (MEM)
obtained as a 10 times concentrate from Wellcome 
Research Laboratories, Beckenham. Stored at +4°C. 
Medium 199
obtained as a 10 times concentrate from Wellcome
%
Research Laboratories, Beckenham. Stored at +4°C.
Earle*s 1actalbumen galactose (ELG)
solutions made up weight/volume in double distilled 
water DDW using Analar reagents.
DDW 800 ml
sodium chloride 7.2 g
potassium chloride 20% 2.0 ml
magnesium sulphate 20% 1.0 ml
sodium dihydrogen phosphate 20% 1.0 ml
galactose 1.0 g
phenol red 1% 1.5 ml
calcium chloride 20% 1.0 ml
lactalbumin hydrolysate 5.0 g
stored at room temperature 
Foetal calf serum (FCS)
obtained from Flow Laboratories, Irvine, Scotland
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Hepes
N-2-hydroxyethypiper asine-N'1'. 2 * ethane-!:-sulphuricc; acid. 
obtained from Hopkin and Williams (Chadwell Heath, 
Eastbourne) as a powder.
Stock solutions made up 1M in double distilled water 
and stored at room temperature.
Sodium bicarbonate solution
5.6% sodium bicarbonate in double distilled water, 
stored at room temperature.
Trypsin/Versene solution
Trypsin (0.25%) 2.5 ml
Versene (0.02%) 20 ml
stored at +4°C.
2.2.6 Viruses
The two rotaviruses of porcine origin used in this
study were supplied by G.N., Woode. Both came from herds
with a history of piglet diarrhoea. From each herd
diarrhoeic material from two piglets was pooled, passed
through 0.45 ym filters and used to intranasally inoculate
gnotobiotic piglets. After passage in gnotobiotic piglets
one isolate, SW20/21 was found to contain only rotaviruses
by electron microscopic examination, whilst the other,
SW9/11 was found to contain rotaviruses and Talfan virus.
However, after two passages through gnotobiotic piglets
Talfan virus could, no longer be isolated nor was any 
antibody detected.: i ..
SW20/21 was supplied as seventh pig-passage ana SW9/11
as third pig-passage faecal material. Both isolates were
passed once more through 7-day-old gnotobiotic piglets,
by inoculating intranasally 0.5.ml of a 0.45 ym faecal
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filtrate diluted 1 in 3 in PBSa. One day later, large 
and small intestinal contents were collected. These 
were filtered through a 0.45 ym filter, diluted 1 in 3 
in PBSa and stored at -70°C until used.
As a check for the presence of contaminating agents 
1 in 30 dilutions of 0.45 ym faecal filtrates from each 
isolate were serially passaged four times through adult 
pig thyroid and pig kidney cells. No cytopathic agents 
were discovered. The presence of rotavirus in the 
intestinal contents was checked by both electron microscopy 
and specific immunofluorescence in tissue culture.
For each rotavirus a 10.ml batch of the filtered and 
diluted intestinal contents was reserved specifically for 
pig infection. The inoculum was 0.5 ml of a dilution of
3
the filtrate containing 1.0 x 10 TCD5q Per ^  
intra6nasally.
2.3 METHODS
2.3.1 Production of gnotobiotic piglets
The procedure followed was similar to that described 
by Tavern or et ai. .(1971) . Briefly, the piglets were 
derived by hysterotomy, the veterinary surgeon working 
through a sterile flexible plastic isolator adherent to the 
sow's flank. The piglets were subsequently transferred 
to a sterile isolator in which they lived for the duration 
of the experiment. Peracetic acid (2% v/v) was used to 
sterilize the isolators prior to receiving the piglets and 
also to sterilize the entry port when in use. The 
piglets were fed a mixture of condensed milk and water
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plus a mineral supplement, 3 times daily. Each, piglet 
receiving a total of 150 ml per feed during the first week, 
175 ml per feed during the second week, 250 ml per feed 
during the third week, 300 ml per feed during the fourth 
week and 400 ml per feed during the fifth week of life.
The gnotobiotic status of the piglets was routinely 
determined by subculture of rectal swabs on blood agar, 
under aerobic and anaerobic conditions, and also in 
thioglycollate broth, Robertsons cooked meat medium and 
brain, heart infusion broth.
2 . 3.2 . Growth and .maintenance of tissue cultures
Calf kidney (CK) and pig kidney (PR) cells 
Growth medium
ELG 80. ml
* *
Foetal calf serum 5 ml
• Sodium bicarbonate solution 2 ml
Antibiotics -
Penicillin and streptomycin 1 ml
Fungizone 0.1 ml
Maintenance medium - as growth medium except with only 2% 
foetal calf serum.
Both CK and PR cultures were supplied as monolayers 
in microtitre plates by the tissue culture department 
(Compton). The method of preparing the cell cultures
is described by Luther (.1972) . Briefly kidneys were
asceptically removed from 1 to 14 day old calves or pigs 
up to 5 weeks of age. The kidney cortex was chopped into 
small pieces, washed in PBSa and then trypsinized for 
1% to 1\ hours. The suspension of trypsinized kidney
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tissue was sedimented by centrifugation and the packed cell 
volume diluted in growth medium 1 in 400 for CK cells and 
1 in 1,000 for PK cells for seeding into microtitre plates.
Adult pig thyroid cells (APT)
Growth medium, as for CK and PK cells 
Maintenance medium '
Double distilled water 80 ml
Medium 199 10 ml
Foetal calf serum 2 ml
Sodium bicarbonate solution 4 ml
Antibiotics - \
Penicillin and streptomycin 1 ml 
fungizone 0.1 ml
These cells were supplied as monolayers in microtitre 
plates by the tissue culture department. The method of 
preparing the cell cultures is described by Witte and 
Easterday (1967). Briefly, thyroids were removed from 
adult pigs. Each thyroid was flamed in methylated spirits, 
and the outer capsule and any fatty tissue removed. The 
thyroids were then chopped into small pieces, and after 
washing in PBSa the cells were trypsinized for 2 hours.
The cells were washed and filtered before being resuspended 
in a known volume of growth medium and the viable-cell 
count determined. 100 ml of a cell suspension containing
5
1.5 x 10 cells/ml were seeded into each well of the 
microtitre plate.
IBRS2 cell line (originally supplied by Clinical Research 
Centre, Northwick Park, London).
Growth and maintenance media, as for CK and PK cells.
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These cells were supplied as monolayers in microtitre
plates by the tissue culture department. 100 \il of a
5
cell suspension containing 1.5 x 10 cells/ml were seeded 
into each cell of the microtitre plates.
MDBK cell line (originally supplied by Flow Laboratories 
Ltd., Irvine, Scotland)
Growth medium
Double distilled water 80 ml
Eagle1s MEM 10 ml
Foetal calf serum 10 ml
Sodium bicarbonate solution 2 ml
Antibiotics -
penicillin and streptomycin 1 ml
fungizone 0.1 ml
Maintenance medium- as growth medium except only 
2% foetal calf serum.
These cells were supplied.as monolayers in microtitre 
plates by the tissue culture department. 100 yl of a
5
cell suspension containing 1.5 x 10 cells/ml were seeded 
into each well of the microtitre plate.
LLCMK2 cell line (originally supplied by Dr. T.H. Flewett, 
East Birmingham Hospital)
Growth medium - as for MDBK cell line except 2 ml 1M 
Hepes added.
Maintenance medium - as for MDBK cell line.
These cells were supplied as monolayers in 4 oz
medical flat bottles by the tissue culture department.
5
10 ml of a cell suspension containing 1.5 x 10 cells/ml 
were seeded into each bottle. The cell monolayers were
found to be confluent after 3 days, and if not used sooner
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the growth medium was replaced with maintenance medium 2 
days later. If this procedure was followed it was found 
that the cell monolayer could be maintained for at least 
a further 7 days.
In order to prepare microtitre plates, cells were
removed from the glass bottles by incubation with versene/
trypsin and resuspended in growth medium at a concentration 
5
of 1.5 x 10 cells/ml. 100 yl of this cell suspension 
was seeded into each well of the microtitre plate. The 
plates were sealed with adhesive tape and incubated at 
37°C in an atmosphere of 4% carbon dioxide for 2 days when 
the monolayers were found to be confluent.
2.3.3 Titration of Rotavirus
For determination of optimal conditions and 
reproducibility see chapter 3. The growth medium was 
shaken from the microtitre plates containing confluent 
48 h-old LLCMk2 monolayers and each well refed with 100 yl 
of maintenance medium. Serial ten-fold dilutions of the 
virus suspensions to be titrated were prepared in PBSa 
and 10 yl per dilution added to each of twelve replicate 
. wells. The plates were incubated at 37°C in an atmosphere 
of 4% carbon dioxide for 48 hours after which the plates 
were fixed and stained using the indirect immunofluorescence 
technique for rotavirus antigen (see 2.3.5). The end 
points were determined as TCD^q per 10 yl inoculum, by 
scoring wells +ve or -ve for the presence of fluorescent 
cells and using the Karber equation (Karber, 1931).
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2.3.4 Virus neutralisation test (VN)
This test was a modification of that used by Thouless 
et al. (1977a). Doubling dilutions (50'yl into 50 yl) of 
the material to be tested were made in PBSa in round- 
bottomed microtitre plates. 50 yl of a freshly diluted 
virus suspension (to give a final control count of 100-250 
fluorescent cells per 10 yl inoculum) was added to each 
dilution and the mixtures incubated for 1 h at 37°C.
An infected control consisting of PBSa and virus was set 
up for each microtitre plate. The growth medium was 
shaken from microtitre plates containing confluent 48 h 
LLCMK^ cells and each well refed with 100 yl maintenance 
medium. 10 yl of each doubling dilution was added to each 
of four replicate wells. The plates were then sealed with 
adhesive tape before centrifugation at 1000 rpm for 1 h 
in an MSE Mistral on 'swing out1 platforms, and incubation 
at 37°C in an atmosphere of 4% carbon dioxide. After 
18-20 h, the plates were fixed and stained using the indirect 
immunofluorescence technique for rotavirus antigen. The 
number of fluorescent cells per well were counted and the 
50% end-point taken as that dilution at which only half 
the number of fluorescent cells found in tlje infected control 
wells were present. Where this figure fell between dilutions 
only the lower dilution was recorded, hence the figures 
given represent at least 50% neutralisation.
The reproducibility of this test was checked by testing 
two antisera, L25 8 and 77B against both rotavirus isolates 
on five separate occasions. On no occasion was a variation 
in titre greater than two-fold obtained.
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2.3.5 Indirect immunofluorescence technique for rotavirus
antigen
The medium was shaken from the microtitre plates, and 
the cells fixed for ten minutes using precooled (-20°C) 80% 
acetone in distilled water, before air drying at 37°C.
The plates could then be stored inverted at -20°C for 
several weeks before staining.
One drop of a 1 in 40 dilution of either antiserum 
G199 or L258 was added to each well, the plates incubated 
at room temperature for 1 h and then rinsed three times 
in PBSa. One drop of a 1 in 40 dilution of RaB in PBSa 
a was added to each well, followed by incubation for 1 h and 
further rinsing, three times in PBSa. The cell sheets 
were examined, whilst moist, through the floor of the 
inverted plates, with incident blue light in a Leitz 
Ortholux Microscope equipped with a red stop filter BG38 
and a background filter EGG451.
2.3.6 Indirect immunofluorescent test for rdtavirus- 
specific antibody (FA)
The growth medium was shaken from microtitre plates 
containing confluent 48 h LLCMK^ monolayers, and each well 
refed with 100 yl of maintenance medium. Each well, except 
the negative controls, was then inoculated with 10 yl of 
a virus suspension producing more than 200 fluorescent cells 
per 10 yl. The microtitre plates were then sealed with 
adhesive tape.and incubated at 37°C in an atmosphere of 
4% carbon dioxide for 48 h. The culture medium was removed 
and the plates fixed for ten minutes using pre-cooled 
C-20°C) 80% acetone in distilled water, before air drying
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at 37°C. These plates, containing fixed antigen, could
then be stored, inverted, at -20°C, for several months 
before use.
Doubling dilutions (50 yl) in PBSa of the samples to 
be tested were prepared in these fixed plates, which were 
then incubated at room temperature for 1 h. Two sets of 
dilutions were performed for each sample and each plate 
incorporated standard antisera 39/3 at dilutions of 1 in 
40 and 1 in 640. After incubation the plates were rinsed 
three times with PBSa and then one drop of a 1 in 20 
dilution in PBSa. of RaSW was added to each well. Following 
further incubation for 1 h at room temperai;ure the plates 
were again rinsed three times in PBSa.' The cell sheets 
were examined, using a X10 objective, whilst moist through 
the floor of the inverted plates, with incident blue light 
in a Leitz Ortholux Microscope equipped with a red stop 
filter BG38 and background filter EGG '451 and scored 
positive or negative for fluorescence.
Standard antisera 39/3 was scored +++ at a dilution of 
1 in 40 and + at a dilution of 1 in 640. The end-point 
was taken as the lowest dilution at which both duplicates 
for that sample were scored +. All samples were coded 
so that the person determining the end point did not know 
which sample was which.
The reproducibility of this test was checked by 
obtaining on six separate occasions the same titre for 
antiserum 39/3.
2.3.7 immunofluoreseent. examination of gut sections
Rings of intestine were cut from portions of gut
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frozen in a mixture of dry ice and acetone embedded in 
gelatin and frozen in liquid nitrogen. Sections 6 ym 
thick, were cut on a cryostat, fixed in acetone for 10 
minutes and air dried. They were stained with a 1 in 20 
dilution in PBSa of antiserum F510, at room temperature 
for 1 h and then washed for 15 minutes in PBSa. The sections 
were mounted wet in 80% glycerol and examined (with incident 
blue-light illumination) in a Leitz Ortholux Microscope 
equipped with red stop filter BG38 and background filter 
EGG451.
2.3.8 Histopathological examination of gut sections 
Rings of formalin-fixed gut were dehydrated and
embedded in paraffin wax, sections 5 ym thick were cut 
and stained with haematoxylin and eosin. The severity of 
the lesions in the gut was estimated as the ratio, average 
villus length : average crypt length, calculated from 
measurements of the five longest complete villi and their 
associated crypts at each position, made with a light 
microscope equipped with a X10 objective and ocular 
micrometer (Hooper and Haelterman, 1969? Moon et al.,
1973? Thake et al.,1973? Moon et al., 1975). No attempts 
were made to measure villi or crypts associated with 
Peyers patch lymphoid tissue.
2.3.9 Immunoperoxidase staining of gut sections
The tissues were fixed, cleared and sectioned using the 
method of Sainte-Marie (196 2). Briefly, the tissues were 
fixed in 95% ethanol for 24 h at +4°C, dehydrated in 4 
changes of pre-cooled absolute alcohol (1-2 h each) and
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cleared by passing through 3 consecutive baths of pre­
cooled xylene (1-2 h each). The specimens were then 
allowed to ccme to room temperature, embedded in paraffin 
wax and sectioned at 5 p .
The sections were dewaxed in two consecutive baths 
of xylene, using a gentle up and down motion for 10-15 
seconds in each. They were then quenched for endogenous 
peroxidase activity using methanol plus 1% sodium nitro- 
ferricyanide (Straus, 1971) for 15 minutes at room temperature. 
The sections were transferred via graded alcohols to 
distilled water and incubated with 1 in 40 dilutions in 
PBSa of immunoperoxidase labelled anti porcine IgM, IgA 
or IgG for 3 h at room temperature in a moist box. These 
were then washed 6 times in PBSa (5 x 1 minute, 1 x 5  
minutes) and allowed to dry before reaction with the diamino 
benzidene/hydrogen peroxide substrate for 10 minutes.
After washing in distilled water the stained sections were 
dehydrated through graded alcohols, cleared in xylene, and 
mounted using Depex (Gurr).
2.3.10 Immunoadsorption
Monospecific antisera, attached to sepharose heads, 
in PBSa plus 0.1% sodium azide (kindly provided by 
Dr. F.J. Bourne, Department of Animal Husbandry, University 
of Bristol, Langford House, Bristol) were added to the 
samples to be tested in the ratio of 1:2. The samples were 
then incubated for 1 h at 37°C, and then overnight at 
+4°C with constant agitation.. The immunoadsorbents were 
pelleted by centrifugation at 1,000 rpm for 15 minutes in 
an MSE bench centrifuge and the supernatant fluids removed
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for the titration of neutralising activity. Unadsorbed 
control samples were obtained by using PBSa containing 
0.1% sodium azide. Wherever possible duplicate samples 
were adsorbed.
2.3.11 Double immunodiffusion
Wadsworth's (1957) micro-immunodiffusion adaptation 
of the Ouchterlony technique was employed. Microscope 
slides, cleaned in detergent (Lab-brite, Savilles Hydrological 
Corporation Ltd., Deer Park Road, London) and then rinsed 
in distilled water to remove most but not all the detergent, 
were coated with hot 0.1% agarose (Indubiose A37 in barbitone 
buffered saline containing 0.1% azide) whilst still moist.
The agarose was allowed to dry and each end of the slide 
was covered with a single layer of plastic tape. These 
coated slides could be stored.at room temperature prior 
to use.
50 jil of 1% agarose just off boiling point was added 
between the two strips of tape and a clean, dry microscope 
slide slowly lowered to squash the agarose into a circle 
without air bubbles in it. The agarose was allowed to set, 
and the top slide then gently removed. A perspex template, 
with wells of 2.5 mm maximum diameter, 2.0 mm minimum 
diameter separated by a distance of 4.5 mm, lightly greased 
with silvas (silicone grease and vaseline) was carefully 
lowered onto the agarose, resting on the plastic tape.
Reagents were added to the wells of the perspex template 
by means of finely drawn-out Pasteur pipettes.
The diffusion slides were incubated at room temperature 
in a sealed moist box for 72 hours. The templates were
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then carefully removed and the slides washed in PBSa for 
24 hours. The gels were then stained with 0.5% Coomassie 
brilliant blue dissolved in a mixture of methanol-acetic acid- 
water (45:10:45) until the gels were a uniform dark blue 
colour, before destaining using the same solvent diluted 
1 in 4 in tap water, to leave dark blue gel lines against 
a pale blue or colourless background. The gels were then 
allowed to dry before examination.
2.3.12 Conjugation of antisera with fluorescein
isothiocyanate
The method of Fothergill (1969) was used. Briefly, 
the immunoglobulins were precipitated from the serum by 
slowly adding saturated ammonium sulphate (2 parts:3 parts 
serum) and stirring for 15 minutes. The precipitate was 
spun down at 4,000 rpm for 45 minutes washed twice in 2 
parts saturated ammonium sulphate plus 3 parts double 
distilled water and then half the volume dissolved in 9 ml 
PBSa. This solution was dialysed overnight against 2 
changes of PBSa. All the above procedures were carried 
out at +4°C.
The globulin concentration was measured and, in a 
water bath at 25°C., 12.5 ug of fluorescein isothiocyanate 
CFITC) per 1 mg globulin was dissolved in 0.1M disodium 
hydrogen phosphate pH 9 (half the volume of the globulin 
solution) by crushing and. stirring with a glass rod for 5 
to 10 minutes. 0.2M disodium hydrogen phosphate was 
added dropwise to the globulin solution (1:4) , followed by 
the FITC solution dropwise with constant stirring. The 
pH was then adjusted to 9,5 using 0.1M trisodium phosphate,
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and 0.145M sodium chloride added until the total volume was 
double that of the original globulin solution, the solution 
was mixed for 30 minutes at 25°C.
The conjugated antiserum was then clarified by 
centrifugation and non specific components removed by passing 
down a column of Sephadex G25.
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CHAPTER THREE
DEVELOPMENT OF A METHOD FOR THE TITRATION OF ROTAVIRUS
i
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3.1 INTRODUCTION
A major problem associated with rotavirus research is 
that the in vitro growth obtained with most isolates is 
limited. This problem restricts the number of tests 
available for the titration of that virus to those not 
involving active viral growth and the formation of cytopathic 
effects. Fortunately it has been found that some types of 
cell culture can be shown to be infected, in the sense 
that viral antigen can be detected by immunofluorescence 
(Banatvala et al. 1975), although little infectivity can 
be found. Reports, have also indicated that an increase 
in the percentage of cells infected can be achieved by 
either centrifuging, the monolayer at the time of infection 
(Banatvala et al. , 197.5 r Brydeh et al., 1977) or by trypsin 
treatment of either the cells (McNulty et*al., 1976c), 
or the virus inoculum CTheil. et al., 1977). A plaque assay 
for tissue-culture-adapted calf rotavirus has been developed 
(Matsuno et al. 1977) and both DEAE dextran and trypsin 
were necessary for efficient plaque formation.
This chapter- describes the development of a technique 
for the titration of rotavirus based upon-the detection of 
viral antigen in infected cells using immunofluorescence.
3.2 SENSITIVITY OF.DIFFERENT CELL TYPES TO INFECTION 
WITH AND WITHOUT CENTRIFUGATION
3.2.1 Method
Suspensions of the following cell types were seeded 
into flat bottomed microtitre plates suitable for tissue 
culture CSterilin Ltd.).
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Primary pig kidney (PK) cells 
Primary calf kidney (CK) cells 
MDBK cell line - a calf kidney cell line 
IBRS2 cell line. - a pig kidney cell line 
LLCMK2 cell line - a continuous monkey kidney cell line 
These plates were sealed with adhesive tape and incubated 
at 37°C in an atmosphere of 4% CO2 until the cell monolayers 
were confluent. Upon reaching confluency the growth medium 
was shaken from the microtitre plates and each well refed 
with 100 pi of maintenance medium. Serial ten-fold 
dilutions of the faecal filtrates containing SW20/21 and 
SW9/11 were prepared in PBSa., 10 pi per dilution was 
added to each of twelve replicate wells and duplicate 
microtitre plates were inoculated for each cell type. One
of each duplicate was centrifuged at 1,000 rpm for 60
•» *
minutes in an MSE, Mistral, on swing out platforms at room
temperature prior to incubation, for 24 hours, the plate 
not subjected to centrifugation was incubated for 48 hours. 
All plates were incubated at 37°C in an atmosphere of 4%
C02- After incubation, all microtitre plates were fixed 
and stained using the indirect immunofluorescent technique 
for rotavirus antigen (2.3.5). All end points were
determined as TCD^q per 10 pi using the Karber equation 
(Karber, 1931), by scoring the wells positive or negative 
for the presence of fluorescing cells.
3.2.2 Results
Of the cell types tested, LLCMK2 cells are apparently 
the most sensitive to rotavirus infection (table 1). The 
patterns of cell sensitivity between the two rotaviruses
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are different, with cells slightly less sensitive to 
SW20/21 than SW9/11. CK cells appear almost as 
sensitive'as LLCMK2 cells to infection with SW9/ll.
With those cell types not very sensitive to infection with 
the rotaviruses, centrifugation was found' to increase the 
titres obtained about ten-fold. A ten-fold reduction in 
titre, was however found with LLCMK2 cells upon centrifugation.
A good correlation was achieved between end points 
determined as TCD^q per 10 ^1 and end points determined 
by calculating the mean number of fluorescing cells per well 
frcm four replicates at a given dilution (table 2).
3.3 EVALUATION OF PROCEDURES
FOR THE FIXATION . OF CELL SHEETS IN MICROTITRE PLATES
3.3.1 Method
Using the above techniques for determining the end­
point means that it is important to ensure that cells are not 
lost from the well and that transfer of infected cells from 
one well to another does not occur during the fixing and 
staining procedure. Various methods for fixing and washing 
the cell sheets were therefore investigated. Methanol 
and 40%, 60%, 80% and 90% acetone in distilled water were 
examined for their effectiveness as fixatives in the fixing 
procedures described below 
Procedure A
The culture medium was shaken out of the wells of 
the microtitre plate and the cell sheets washed once by 
carefully pouring PBSa, b and c over the plate, and then 
shaking this out. The cell monolayers were then fixed.
After fixation the cell sheet was dried at 37°C.
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Sensitivity of different cell types to infection with SW20/21 
and SW9/11 with and without centrifugation
Virus Titre TCD50 per 10 yl inoculum
Cell
SW20/21 . SW9/11
type
not spun spun not spun spun
CK 7.9x101 3.2xl02 1.2xl03' /
4
1.0x10
PK 1.2x101 3.2x102 5.6X101 5.6xl02
MDBK <io1 2.6xl02 3.2xl02 1.0x103
u r s 2 <io1 2.0x10^ -- --
LLCMK 43.2x10
3
1.0x10 1.4x10^ 4.6xl032
. . . =f not done
Table 2
Virus titration end points, determined for different faecal samples 
containing either SW20/21 or SW9/11 as TCD50 (Karber) or 
fluorescent cell counts
r
Endpoints for samples containing Endpoints for.samples containing
SW20/21 .V: ■ SW9/11
TCD50/IOjj 1 Fluorescent cell TCD50/10yl Fluorescent cell
(karber) count /lOyl (karber) count /10H1
1.9x105 1.7X105 2.1xl05 2.lxlO5
2.6X101 1.3x10^ 3.5xl02 9.8x102
3.lxlO3 1.2xl03 5.6xl03
4
1.3x10
4.5xl04 46.0x10 3.8x103 4.2xl05
5.6xl02 6.3xlQ2 3.8xl02 7.8xl02
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Procedure B
This was identical to procedure A except no washing 
with PBSa, b and c was carried out.
3.3.2 Results
It was found that the effectiveness of either procedure 
depended on -the cell'type used. With primary and secondary 
cells, procedure B was found to increase non-specific 
fluorescence of cellular debris etc. as compared with 
procedure A. With the cell lines, unlike the primary and 
secondary cells, it was found that a ring of cells around 
the perimeter of the well was often lost using procedure A. 
However, if the wash was omitted (procedure B) these cells 
were no longer lost and there was no increase in non-specific 
fluorescence. t e n  methanol was used as the fixative, 
specific fluorescence of infected cells was found to 
be weaker than when, acetone was used. Unfortunately 
90% acetone was occasionally found to cause the wells to 
beccme opaque, as the concentration of acetone in the 
fixative decreased, below 60% cells were found to be lost 
from the cell monolayer, however this was not a problem 
when 80% acetone was used. There was no detectable 
difference between leaving the fixative on the cell sheets 
for between 10 minutes and 30 minutes.
Fluorescent cells were never detected in uninfected 
control wells during the entire experimental period, 
indicating that transfer of infected cells from well to well 
was not a problem.
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3.4 ■DETERMINATION- OF, OPTIMUM CONDITIONS
FOR TITRATION OF ROTAVIRUS
3.4.1 Method
The following parameters were examined to determine 
their effect upon the titre of standard rotavirus inocula 
in LLCMK2 cells.
a) Length of incubation of cell monolayers after 
inoculation.
48 h old LLCMK2 monolayers in microtitre plates were 
inoculated with the isolates as described above. The 
microtitre plates were fixedstained and examined after 
differing periods of incubation. Duplicates were prepared 
for each period of incubation, of which one set was 
centrifuged prior to incubation as described previously.
b) Age of monolayer at inoculation.
LLCMK2 monolayers in microtitre plates were inoculated 
with the rotavirus isolates at varying times after seeding. 
The microtitre plates were fixed, stained and. examined after 
incubation for 48 hours.
c) Pre-treatment of virus with trypsin.
Equal volumes of each rotavirus isolate were mixed with 
equal volumes of either 1;ug/ml or 0.1 yg/ml trypsin in 
PBSa and incubated at 37°C for 1 hour. Serial tenfold 
dilutions of these mixtures were prepared in PBSa, and these 
were inoculated onto 48 hour LLCMK2 monolayers in microtitre 
plates. These plates were fixed, stained and examined after 
incubation for 48 hours..
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3.4.2 Results
The effect of increasing the length of incubation of 
the assay system on the virus titre obtained can be seen 
in table 3. With either virus isolate, the maximum virus 
titre was obtained at about 24 to 48 hours followed by a 
gradual decrease. Centrifugation of the assay system 
induced no change in this pattern, although the titre 
obtained tended to be lower. No differences in virus 
titres were obtained from cells inoculated with virus 48 h, 
72 h or 96 h post seeding (table 4).
Pre-treatment of the virus inoculum with 0.1 yg/ml 
trypsin had no effect upon the virus titre obtained, whilst 
pre-treatment with 1.0 yg/ml trypsin increased the titre 
obtained with SW9/11 PIV tenfold but not that obtained 
with SW20/21 FVTII (table 5).
Table 3
Effect of the length of incubation upon the virus titre as measured in
LLCMK2 cells of SW20/21 and SW9/11 f
Length of
Virus Titres TCD50 per 
SW20/21
10yl inoculum 
SW9/11
■- ■
incubation period (h) ' not spun spun not spun spun
24 3.8xl03
4
5.0x10
4
1.2x10 5.6xl03
48 6.3xl05 4.3xl05
4
1.4x10 4.6xl03
72
4
9.0x10 8.3x10 3 5.6xl03
96 ... ... 5.6xl02 1.7x103
144 5.2xl02 — ...
••• = not done 
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Table 4
Effect of the age of the cell at infection upon the virus titre as measured 
in LLCMK2 cells of SW20/21 and SW9/11
Cell age (h)
Virus Titres 
SW20/21
TCD50 per 10yl inoculum 
SW9/11
6 , , 4
48 1.4x10 1.4x10
72 5.5xl05 7.6xl04
96 9.6x10^
... = not done
Table 5 ..... .
Effect of the addition of trypsin to the virus inoculum before titration 
in LLCMK2 cells 1
Concentration Virus Titres TCD50 per 10yl inoculum
of trypsin SW20/21 SW9/11
Negative control 1.2xl06 1.4xl04
O.lyg/ml 1.2xl06 42.6x10
1.0yg/ml 6.2xl05
5
1.0x10
- 62 -
3.5 DISCUSSION
The discovery that LLCMK2 cell monolayers are very 
sensitive to infection by rotavirus has also been reported 
by Bryden et al. (1977), who found them more sensitive than 
either human embryo kidney or calf kidney cells using a 
technique incorporating centrifugation. Recently a line 
of Macacus rhesus monkey kidney cells (MA-104) has been 
reported as giving more reproducible results than LLCMK2 
cells when used in a plaque assay for tissue culture adapted 
rotavirus (Matsuno et al., 1977). However no significant 
variation in reproducibility was found in LLCMK2 cells with 
the assay system developed in this thesis.
Probably the most important factor regulating' the 
sensitivity of a particular cell by a virus is the possession 
of the correct cell surface receptors enabling the virus 
to bind to the cell. This in turn allows the virus to 
enter the cell where release of viral nucleic acids can 
occur. Holmes et al. (1976) suggested that lactase may 
be the receptor and uncoating enzyme for rotaviruses. If 
this were so then the cells most sensitive to rotavirus 
infection would also possess surface lactase activity.
Monkey kidney cells have been'reported to possess a high 
level of lactase activity resembling that obtained from the 
intestine (Swaminathan and Radhakrishnan, 1969). However, 
populations with a high incidence of lactase-deficiency 
have been found to be sensitive to rotavirus infection 
(Schoub et al., 1978), thus the role of lactase in rotavirus 
infections is unclear.
The phenomenon of enhancement of viral infectivity by 
centrifugal inoculation has been observed not only with
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rotavirus (Banatvala, 1975) but with other viruses such 
as vaccinia virus (Sharp and Smith, 1960) , myxoma virus 
(Padget and Walker, 1962), and murine cytomegalovirus 
(Osborn and Walker, 1968) as well as Rickettsiae (Weiss 
and Dressier, 1960), and Toxoplasma (Chaparas and 
Schlesinger, 1959). From the observations in this study, 
it would appear that centrifugal inoculation only increases 
the titres obtained from cells which are not very sensitive 
to infection. A possible explanation for this is that 
viral adsorption and penetration of the cell may be enhanced 
in the less sensitive cells possibly by some membrane- 
mediated change in its.response to the virus. Increased 
adsorption has been reported when vaccinia virus is 
centrifugally inoculated onto cells (Sharp and Smith,
1960), whilst increased cell penetration has been observed 
with murine cytomegalovirus (Hudson et al.,. 1976) , 
although this could, not completely explain the increased 
infectivity obtained.
Trypsin treatment of the virus inoculum prior to 
inoculation into cell culture was found to have little 
effect, in contrast to the results obtained by Theil et al. 
(1977). This may again reflect the relative sensitivity 
of LLCMK^ cells to rotavirus infection as compared with other 
cell types. Protease enhancement of viral infectivity 
has also been reported, for other viruses including Reoviruses 
(Spendlove and Schaffer,, 1965; Wallis et al. , 1966), 
Influenza A (Klenk et al., 1975), Sendai virus (Scheid and 
Choppin, 1976), and Newcastle Disease virus (Nagai.et al., 
1976). This enhancement effect has been found to be caused
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by increased activation of the virus due to the cleavage 
of glycoproteins by the enzyme. The requirement for 
different enzymes to enable this activation to occur has 
led to host-dependent differences in infectivity with some 
strains of influenza A (Klenk et al., 1975) and Newcastle 
Disease virus (Nagai et al../ 1976). Such differences may 
be reflected in the results obtained for the enhancement 
of the rotavirus isolates examined. A possible alternative 
explanation is that trypsin may break up clumps of virus
\
and hence increase the infectivity. The infectivity of 
SW9/11 was enhanced about, ten times by the action of trypsin 
whilst that of SW20/21 remained unaffected. Thus for 
further activation SW20/21 may require the action of some 
other enzyme or the virus may be completely activated by 
cell associated enzymes. . Alternatively either insufficient .
-V
trypsin was present to activate SW20/21, or viral aggregation 
occurred in suspensions of SW9/11 but not SW20/21.
Virus activity is normally measured by determining 
the amount of virus-containing-material necessary to obtain 
a specific response in. a host. Often this response is 
the formation of cytopathic effects in tissue culture. 
Unfortunately in vitro growth with pig rotavirus is severely 
limited and no cytopathic effects can be detected. The 
reasons for this limited infection are unclear, but include 
the induction of inhibitory agents such as interferon, which 
has been shown to occur in vitro (Welch and Twiehaus, 1973) 
and the production of defective virus particles (McNulty 
et al., 1978b) which may possibly further interfere with 
the mechanism of infectious virus production. The presence
- 65 -
of these defective particles however certainly implies 
inefficiency of viral replication by the cell. Infected 
cells can however be detected by immunofluorescence and this 
was used as the basis of the technique for virus titration. 
Using this method for detecting virus allows the considera­
tion of two possibilities for determining the end point. 
Either a discrete count of fluorescent cells can be made 
or the presence or absence of fluorescing cells be noted 
and a 50% end point determined. Both methods appeared 
equally sensitive and reproducible, however due to the 
possibility that low levels of infectious virus could 
be produced, infect other cells and hence increase the 
fluorescent cell count, it was decided to determine 50% 
end points. This method was also less laborious than 
counting individual fluorescing cells.
3.6 CONCLUSIONS
A comparison of the cell types tested revealed LLCMK2 
cells to be the most sensitive to infection by rotavirus, 
and centrifugation to have no effect upon the virus titre 
obtained. However, centrifugation of the monolayer was 
found to increase the virus titre in those cell lines which 
were apparently not very sensitive to viral infection.
Using the LLCMK2 cell line as a basis for an assay system 
for rotavirus, optimal results were found to be obtained by 
inoculating samples into 48 h old cell monolayers in 
microtitre plates, incubation at 37°C for 48 hours followed 
by fixation with 80%. acetone.. It was found easier to 
determine the end. points as TCD^q using the Karber equation
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than using the more laborious technique of counting . 
individual fluorescing cells, both methods were found to be 
equally sensitive.
The reproducibility of this assay system was confirmed 
for both isolates by obtaining in five separate tests 
infectivity titres that differed by no more than 0.25 log^.
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CHAPTER FOUR
r  -
THE PATHOGENESIS OF ROTAVIRUS INFECTION 
IN GNOTOBIOTIC PIGLETS
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4.1 INTRODUCTION
The pathogenesis of pig rotavirus infection has been 
studied by several workers (Lecce et al., 1976; McNulty 
et al., 1976b; Chasey and Lucas, 1977; Pearson and 
McNulty, 1977; Theil et al., 1978). These workers have 
reported the primary site of rotavirus replication to be 
the columnar epithelium, covering the villi of the small 
intestine, and that infection causes extensive atrophy 
of the villi.
This chapter describes the severity of the lesions in 
different parts of the small intestine and relates them to 
local virus production in an attempt to identify phases 
in the control of rotavirus infection and differences in 
in vitro growth characteristics of the rotavirus 
isolates.
4.2 METHODS
4.2.1 Animal experiments
Thirty-six gnotobiotic piglets from 4 litters were 
used in the experiments. Of these, twenty-seven were 
infected with rotavirus at 5 days of age, 14 with SW20/21 
(nos. 1-14 inc.) and the remaining 13 with SW9/11 (nos.
15-27 inc.). The other piglets were retained as uninoculated 
control animals (nos. 28-36 inc.)
The piglets infected with SW20/21 were tested after
13 h, 14 h, 19 h, 22 h, 37 h, 38 h, 46 h, 61 h, 62 h,
65 h, 90 h, 116 h, 11 days and 21 days after inoculation.
Those infected with SW9/11 were tested after 13 h, 19 h
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(2 piglets) , 22 h, 37 h, 29 h, 44 h, 46 h, 65 h, 90 h,
120 h, 11 days and 21 days after inoculation, whilst the 
uninfected controls were tested after 12 h, 13 h, 18 h,
36 h, 44 h, 60 h, 120 h and 21 days (2 piglets). The 
animals were anaesthetised with chloroform and portions of 
small intestine were collected at three positions.
Position 1 was 5 cm above the ileo-caecal valve and 
positions 2 and 3 were at intervals of 120 cm along the gut. 
At each position three portions of gut were tied off and 
removed, one for examination by immunofluorescence, one 
for histopathological examination, and one for the titration 
of virus in its luminal contents. The animals were then 
killed. The portions for immunofluorescence were snap 
frozen in a mixture of dry ice and acetone and stored at 
-70°C; those for histology were slightly dilated with 12% 
neutral, buffered formalin before resection and were stored 
in formalin. The portions for virus titration were placed 
at +4°C? within 24 h their external surfaces were washed 
thoroughly in distilled water, blotted dry and their 
contents squeezed into bijou bottles. The contents were 
diluted 1 in 10 with PBS and centrifuged at 3,000 rpm 
for 15 min. The supernatant fluid was stored at +4°C 
prior to virus infectivity titrations, which were carried 
out within 14 days.
4.3 RESULTS
4.3.1 Signs of infection
All the infected piglets allowed to survive beyond 
14 h developed typical symptoms within 18-24 h. These
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were anorexia, a look of depression and reluctance to move, 
soon followed by profuse diarrhoea. The anorexia persisted 
for 72 h and the diarrhoea of decreasing severity for about 
10 days.
All the infected piglets allowed to survive beyond 
72 h developed body weight losses (table 6). After an 
initial period of about 3.-days after birth the majority 
of piglets were found to gain weight at a rate of approxi­
mately 0.1 Kg per day continuing throughout the experimental 
period in the uninfected control animals. However the 
piglets infected at 5-days-old with SW20/21 continued to 
gain weight normally for 24 h post infection, followed by 
a drop in body weight of about 10%, within a further 24 h. 
Body weight remained below the preinfection weight for 
between 48 h and 96 h, followed by a return to normal 
weight gain. Whilst those piglets infected with SW9/11 
also continued to gain weight normally for 24 h post 
infection a period of only reduced weight gain lasting for 
up to 72 h followed. However, this period of reduced 
weight gain was followed by. a drop in body weight of about 
20% within 48 h. Body weight remained below the pre­
infection weight for about 96 h, followed by a return to 
normal weight gain. The major differences of body weight 
losses caused by infection of gnotobiotic piglets by the 
two rotaviruses can be seen to be that SW20/21 only causes 
a 10% body weight drop over a period of 2 to 5 days, whilst 
SW9/11 causes a 20% loss in body weight over a period of 
4 to 6 days (fig. 1).
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Figure 1. Pattern of bodyweight losses in gnotobiotic 
piglets following infection with either SW20/21 
or SW9/11.
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4.3.2 immunofluore s cent studies
A comparison of anti-rotavirus sera, for use in either 
direct or indirect immunofluorescent staining of infected 
and non-infected gut sections, had already indicated that 
antiserum F510 conjugated with fluorescein isothiocyanate 
gave the most sensitive and specific fluorescence of those 
sera tested (table 7). This conjugated serum was therefore 
used for the direct staining of all sections examined, at 
its optimal dilution of 1 in 20.
Generally, specific staining was obtained in the villus 
epithelial cells of the mid (position 2) and posterior 
(position 1) regions of the small intestine and to a lesser 
extent the anterior part (position 3). The pattern of 
epithelial cell infection obtained in positions 1 and 2 
as visualised using immunofluorescence was similar from 
piglets infected with either of the two rotavirus isolates 
used (table 8). At 19-22 h after infection viral antigen 
was detectable in about 70-80% of the villus epithelial 
cells in these positions (figs.. 2 and 3) . By 48 h after- 
infection the number of fluorescing cells had diminished to 
less than 10%. Low numbers of fluorescing cells remained 
detectable until at least 62 h post-infection in the piglets 
infected with SW20/21 (fig. 4), after which they could no 
longer be detected. However, in those infected with 
SW9/11 fluorescing cells were detectable up to day 11 
(fig. 5).
The pattern of fluorescence detectable in position 3 
(anterior small intestine) varied between piglets infected' 
with the different rotaviruses. In those piglets infected 
with SW20/21 a few scattered cells could be observed in
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Table 7
A comparison of antirotavirus sera for use in immunofluorescence of 
rotavirus infected small intestinal sections
Stain Brightness of
Antiserum Dilution ^ . fluorescence Specificity*technique - . ^ r
(sensitivity)
39/3 1 in 20 indirect^ poor poor
39/3 1 in 40 indirect^ poor poor
G199 1 in 40 indirect^ good poor
Reo conjugate 1 in 20 direct moderate good
Reo conjugate 1, in 40 direct moderate good
F510 conjugate 1 in 20 direct v. good good
F510 conjugate 1 in 40 direct good good
77B conjugate 
6
1 in 10 direct poor poor
77B conjugate 1 in 20 direct good poor
77B conjugate 1 in 40 direct good poor
1 Fluorescein conjugate rabbit antiswine (Nordic Immunological 
Ltd.). 1 in 20 dilution.
2 Fluorescein conjugate rabbit anti bovine (Nordic Immunological 
Ltd.). 1 in 40.dilution.
* Specificity refers to the presence of fluorescence not due to 
viral antigen.
All directly conjugated sera combined with fluorescein isothiocyanate.
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Examination by immunofluorescence, of gut sections from rotavirus 
infected gnotobiotic piglets, for the presence of rotavirus antigen
Virus Pig No.
Interval after 
infection (h)
Specific rotavirus 
fluorescence in 
position
1 2 3
SW20/21 PVIII 1 13 - - -
2 14 - - -
3 19 + ++++ +
4 22 +++ + +
5 37 + + -
6 38 + + +
7 46 + + +
8 61 + + -
9 62 + + +
10 65 • • • ...
11 90 - - -
12 116 - +* -
13 11 days •. ... • • •
14 21 days ... ... • • •
SW9/11 PIV 15 13 - - -
16 19 ++++ + +
17 19 ++++ ++++ - -
18 22 ++++ ++++ H-
19 37 +* +* +*
20 39 +* ++* _*
21. 44 +* +* -
22 46 +* +* +*
; 23 65 +* + +*
24 90 + +* +*
25 120 + + ++*
26 11 days + + +
27 21 days - - -
All section from control pigs (nos. 28-36 inc.) showed no fluorescence.
- no epithelial fluorescence
+ 0-25% epithelium fluorescing
++ 25-50% "
+++ 50-75% " "
++++ 75-100% " "
* Fluorescence in lamina propria.
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Figure 2.
Figure 3.
Villi in the mid-region of the small intestine 
showing extensive involvement of epithelial cells 
19h after infection with SW20/21. 
Immunofluorescence. X 250.
Villi in the mid-region of the small intestine 
showing extensive involvement of epithelial cells 
19h after infection with SW9/11. 
Immunofluorescence. X 250.
F i g . 3
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Figure 4.
Figure 5.
Tip of the villus in the posterior region of the 
small intestine showing the presence of viral 
antigen in only a few cuboidal epithelial cells 
on the distal part of the villus, 61h after 
infection with SW20/21.
Immunofluorescence. X 400.
Villi in the mid-region of the small intestine 
showing the presence of viral antigen in only a 
few epithelial cells, 11 days after infection with 
SW9/11.
Immunofluorescence. X 400.
ms
Fig. 4
Fig. 5
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most animals up to 62 h after infection. However in 
those animals infected with SW9/11 whilst few cells 
fluoresced up till 48 h, the number of fluorescing cells 
increased hereafter to reach a secondary peak 120 h after 
infection (fig. 6). In addition to epithelial fluorescence
i
piglets infected with SW9/11 also possessed fluorescing j
!j
cells in the villus lamina propria, from all areas in j
the small intestine examined (fig. 7). These cells could |
be detected in some positions of the small intestine from 
37 h to 120 h after infection (table 8). Fluorescent cells 
in the lamina propria of the villi from animals infected 
with SW20/21 were only detected in the piglet killed 116 h 
after infection at position 2 . jI
4.3.3 V^irus production
Changes in the levels of free virus in the lumen at j
■
positions 1 and 2 in the gut from piglets infected with
either rotavirus isolate, were similar during the first 48 h
of infection (table 9). The virus content of the gut
6 |
rapidly increased to reach titres greater than 10 TCD5q *
■ O ‘ |
per 10 yl by 19-22 h, and then decreased to about 10 I
!I
TCD^q per 10 yl by 48 h after infection. In those piglets | 
infected with SW20/21 viral titres of about 10^ TCDj-q j
i
per 10 yl were maintained until 90 h, after which a j
reduction in viral titre occurred leading to its disappearance j 
about 96-120 h after infection. However, at position 1 j
of those piglets infected with SW9/11 the viral titre j
6 !showed a second peak at about 10 TCD5q Pei^ 65 h
after infection and then slowly diminished. Position 2.
4
showed a smaller secondary increase, to about 10 TCD^Q
- 79 -
Figure 6.
Figure 7.
Villi in the anterior region of the small intestine 
showing extensive involvement of epithelial cells 
120h after infection with SW9/11. 
Immunofluorescence. X 250.
Villi in the posterior region of the small intestine 
showing the presence of viral antigen in cells in 
the lamina propria 37h after infection with SW9/11. 
Immunofluorescence. X 250.
iFig. 6
Fig. 7
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gnotobiotic piglets infected with rotavirus
Virus Pig No. Interval after 
infection (h).
Titre of gut contents 
(TCD^q per lOyl) in position
.1 2 3
SW20/21 PVIII 1 13 <101 3.2X101 1.2xl03
2 14 <io1 <io1 4.6
3 19 1.4xl05 2.1xl06 3.2xl02
4 22 1.4xl06 5.6xl05 4.6xl02
5 37 1.9xl05 6.0xl04 5.6xl02
6 38. 8.3xl05 2.lxlO5 4.5xl04
■ j 7 46 l.OxlO4 3.8xl03 l.OxlO3
8 61 l.OxlO5 5.6xl03 3.5xl02
9 62 7 ,6xl03 • • • 2.lxlO3
■ •' 10 65 1.2xl04 8.3xl02 5.6X101
11 90 • 1.8xl05 8.3xl03 <io1
i 12 116 <io1 <io1 <io1
13 11 days <io1 <io1 <io1
14 21 days <io1 <ior <io1
SW9/11 PIV 15 13 <io1 6.8 <io1
- 16 19 3.2xl05 1.4xl06 1.4xl03
17 19 2.2xl06 4.8xl06 l.OxlO2
22. 1.0x10^ 2.lxlO5 2.2xl04
19 37 2.lxlO6 2.lxlO5
3 3
4.6x10
20 39 2.lxlO5 1.4xl05 l.OxlO4
21 44 2.lxlO2 1.4x103 6.7X101
22 46 3.2xl03 4.8xl03 l.OxlO3
23 65 1.4xl06 6.6X101 1.4xl02
24 90 3.lxlO4 l.OxlO4 2.lxlO3
25 120 1.5xl04 l.OxlO2 3.2X101
26 11 days <io1 <io1 <io1
27 21 days <io1 <io1 <io1
All samples from control pigs (nos. 28-36 me.) contained <10 TCD
-i ^  n tOvirus per lOyl.
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per 10 yl, peaking 90 h after infection, followed at both, 
positions by disappearance of the virus between 120 h 
and 11 days after infection.
At position 3, the piglets infected with either virus
isolate the virus titre in the gut only climbed to about
3 *10 TCD^q per 10 y1 by 24 h after infection. In those
piglets infected with SW20/21 the titre slowly declined
after this time and had disappeared 90 h after infection.
However, in those piglets infected with SW9/11 virus
was still detectable 120 h after infection and a possible
small secondary increase in titre occurred about 90 h
after infection. r -
4.3.4 Histopathologicai studies
Intestinal lesions were recorded as reductions in 
the ratio of the villus length : crypt length (table 10). 
In piglets infected with SW20/21 there appeared to be 
less damage to the anterior part (position 3) compared 
to the rest of the small intestine, apart from some 
shortening of the villi and an increase in the crypt 
length, reaching a maximum around 60 h after infection.
In the posterior and middle regions of the small intestine 
(positions 1 and 2) lesions were definitely established 
by 38 h. The epithelium was still essentially columnar, 
although the brush border was ragged and even missing at 
the tips of some villi. The crypts were also noticeably 
enlarged. Maximal damage occurred around 61 h (fig. 8) , 
the villus length : crypt depth ratio falling to <4.1:1 
in severely affected regions. The villi were reduced 
both in number and length and some fusion was noted at
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Virus
Pig
no.
Interval
after
infection
(h)
Average villus length : crypt depth ratio 
in position
1 . 2  3
SW20/21 1 13 12.3(8.4-14.3) 12.9(10.4-14.7) 10.9(8.6-12.3)
PVIII
2 14 16.7 (15.1-20.4) 13.2(11.7-15.5) 9.9(7.9-12.8)
3 19 10.4(6.6-13.8) 12.9(11.1-14.7) 14.8(10.8-18.4)
4 22 5.6(4.2-7.8) 8.5(7.6-9.1) 12.4(11.2-13.7)
5 37 3.5(2.4-4.6) 6.9(6.0-8.5) 9.9(8.5-11.4)
6 38 3.8(3.2-4.7) 3.9(3.2-4.6) 6.3(4.8-8.3)
7 46 2.3(1.8-2.8) 3.4(2.3-4.4) 10.4(6.8-14.4)
8 61 2.4(2.1-2.7) 2.5(2.1-3.3) 4.9 (3.9-6.3)
9 62 3.5(2.9-4.0) 2.9(2.6-3.6) 5.0(3.2-6.3)
10 65 2.5 (2.0-3.3) 2.5(2.1-3.2) 6.6(4.6-7.6)
11 90 4.7(4.4-5.6) 3.9(3.0-5.1) 6.2(4.8-8.2)
12 116 4.5 (4.1-4.9) 8.8(7.5-10.1), 6.8(6.2-8.1)
13 11 days 2.8(1.9-3.3) 3.1(2.5-3.6) 7.1(5.9-8.4)
14 21 days 3.3(2.2-4.3) 7.0(5.1-9.8) 5.3(5.0-5.5)
SW9/11 15 13 10.1(8.9-11.1) 10.7(7.4-14.3) 8.0(5.9-9.1)
PIV
16 19 8.4(6.0-11.2) 7.7(6.5-8.8) 8.8(7.2-10.2)
17 19 10.5(9.6-11.3) 12.1(11.5-13.6) 12.0(10.3-14.6)
18 22 5.3 (5.0-5.5) 7.4(6.7-7.8) 12.4(11.5-13.5)
19 37 3.5(3.4-5.1) 2.9(2.4-3.7) 3.4(3.1-4.0)
20 39 2.1(1.2-2.5) 3.4(2.8-3.8) 3.1(2.4-5.1) ■ f
21 44 3.5(2.9-4.2) 5.4(4.2-6.5) 5.1(3.5-7.0)
22 46 2.8 (2.5-3.0) 4.0(3.2-4.9) 6.5(6.0-7.1)
23 65 3.3 (3.0-3.5) 5.7 (5.3-6.3) 2.2(2.0-2.8)
24 90 3.0(2.5-3.2) 1.8(1.3-2.3) 5.2(4.8-6.1)
25 120 4.6(4.4-4.7) 3.3(3.0-3.9) 1.7(1.5-1.9)
26 11 days 1.1(0.9-1.2) 4.8(4.2-5.4) 1.6(1.4-1.8)
27 . 21 days 4.2(3.3-4.7) . 4.7 (4.1-5.0) 3.5(3.2-3.7)
Uninocu­ 28 12 14.0(12.1-16.1) 11.7(10.6-13.1) 11.8(11.1-13.4)
lated . 
control
29 13 10.4(8.6-12.8) 12.7 (12.0-13.6) 13.4(11.6-17.6)
30 18 12.4(7.6-20.8) 16.1(12.4-19.4) 10.9(9.0-15.3)
31 36 15.7 (13.7-17.8) 16.9(13.0-19.6) 11.5(9.0-13.9)
32 44 10.0(8.1-12.4) 14.2(11.8-16.7) 16.0(14.0-20.3)
33 60 19.5(16.6-25.0) 17.2(15.2-19.3) 13.5(11.1-15.0)
34 120 6.4(6.0-7.2) 11.4(10.5-13.0) 13.2(11.3-14.9)
35 21 days 5.5 (5.3-5.9) 8.7 (8.0-9.5) 12.7(10.3-15.5)
36 21 days 6.0(5.8-6.2) 8.3(7.2-10.9) 9.4(7.8-11.7)
Figures in brackets denote the range of values obtained'.
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Figure 8.
Figure 9.
Mid-region of the small intestine showing severe 
villus atrophy and crypt elongation 61h after 
H. and E. X 100.
Posterior region of the small intestine showing 
partially recovered villi 90h after infection with 
SW20/21.
H. and E. X 100.
Fig. 9 - 8 4 -
the tips. At this time most epithelial cells were either 
cuboidal or squamous and desquamated cells were present in 
the gut lumen. Repair of villus structure commenced 
about 65 h and by 90 h the villi, although still stunted 
were again lined primarily with columnar epithelial cells 
(fig. 9). However the villus length : crypt depth ratio 
was still less than in the uninfected control piglets, even 
after 21 days.
Piglets infected with SW9/11 PIV exhibited a 
biphasic intestinal lesion at position 3. The first phase 
is established by 39 h and reaches a maximum about 65 h 
after infection, the villus length : crypt depth ratio 
falling to <3.0:1. The villi were reduced in length and 
the crypts noticeably enlarged, whilst the epithelium was 
essentially columnar, cuboidal cells were detectable at 
the tips of some villi. However by 90 h when the first 
phase finished the appearance of the intestine was normal 
apart from somewhat enlarged crypts (fig. 10). Maximum 
lesions in the second phase occurred between 5 and 11 days 
with a villus length, to crypt depth ratio of <2:1 (fig. 11). 
During this time the crypts were enlarged and the villi 
shortened and possessing covering of mainly cuboidal 
epithelial cells, with a few squamous cells at the tips 
of severely damaged villi. Some fusion was also noted.
Two phases of gut lesions were also detectable in position 2. 
The first phase commenced about 22 h when the villi had 
shortened and the crypts enlarged. The epithelium was 
mainly normal, although it was missing or squamous at the 
tips of a few villi. At 39 h when the lesion reached 
maximum, with a villus length : crypt depth ratio falling
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Figure 10. Anterior region of the small intestine 90h after 
infection with SW9/11 showing recovery after the 
first phase of infection.
H. and E. X 100
Figure 11. Anterior region of the small intestine showing 
severe villous atrophy and some fusion 11 days 
after infection with SW9/11.
H. and E. X *100.
Fig. 10
Fig. 11 - 86 -
to <4.0:1, fusion was noticeable at the villus tips 
(fig. 12). By 65 h, the villus structure had returned 
to normal, although the villi were still short and the 
crypts enlarged. Maximum lesion in the second phase 
occurred at 90 h with a villus length : crypt depth ratio 
of <2.5 with massive fusion of the villi detectable 
(fig. 13). Although, position 1 did not show a biphasic 
lesion its histological changes were similar to those at 
position 2 except no villus fusion was detected.
All piglets, whether infected with SW20/21 or SW9/11 
still possessed a reduced villus length : crypt depth ratio 
at all positions, as compared with the uninfected control 
animals even after 3 weeks.
In the control animals, it was noticeable that the 
villus length : crypt depth ratio varied along the length 
of the gut especially in older piglets (figs. 14 and 15) 
and also decreased with the age of the piglet, as previously 
reported by Moon et al. (1973).
4.3.5 Virus production and intestinal damage
Piglets infected with the rotaviruses showed good 
correlation between virus production as measured by 
immunofluorescence of epithelial cells or direct titration 
of free virus in the gut lumen. Free virus in the gut lumen 
was detectable for a longer period than were fluorescing 
epithelial cells in those piglets infected with SW20/21. 
However the reverse was found to be true with those piglets 
infected with SW9/11.
In piglets infected with SW20/21 maximum gut lesion in 
all parts of the small intestine occurred about 40 h after
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Figure 12. Mid-region of the small intestine showing villus 
atrophy- 39h after infection with SW9/11.
H. and E. X 100.
Figure 13. Mid-region of the small intestine showing severe
villus atrophy and massive fusion 9Oh after 
infection with SW9/11.
H. and E. X 100.
Fig. 12
Fig. 13 - 88 -
Figure 14. Normal villi from the anterior region of the small 
intestine of uninfected 10-day-old gnotobiotic 
piglets.
H. and E. X 100.
Figure 15. Normal villi from the posterior region of the small 
intestine of uninfected 10-day-old gnotobiotic 
piglets.
H. and E. X 100.
Fig„ 14
p.- »
r>
Fig. 15 89
the maximum virus titre was obtained (fig. 16) . Intestinal 
damage could be seen to persist long after virus could no 
longer be detected by either direct titration or immuno­
fluorescence. In contrast, in piglets infected with 
SW9/11, maximum intestinal damage in the first phase occurred 
about 20 h after the maximum virus titre was obtained in the 
posterior and middle regions of the small intestine 
(fig. 17a, b). However, in the anterior region maximum 
gut lesion in the first phase occurred about 40 h after 
maximum virus titre was obtained (fig. 17c). No correlation 
between the second phase of gut lesion and the production 
of virus could be observed.
4. 4 DISCUSSION
It has been previously recognised that variation in 
clinical severity of rotavirus infection amongst piglets 
of the same age occurs. For example, whilst three piglets 
of the same age, given the same dose of virus, all developed 
diarrhoea, one showed normal weight gain, one failed to 
gain weight, and one lost about 15% of body weight (Woode, 
personal communication). .However the variation in body
weight response between piglets infected with the same 
rotavirus isolate was low and hence permitted confident 
integration of the results.
It was felt that a possible criticism of the attempts 
to measure free virus titres in particular sections of the 
gut. was that peristalsis would cause mixing of virus along 
the gut. Correlation between intracellular virus as 
measured by immunofluorescence and free virus titration of 
the gut contents,, indicated that the peristaltic movement
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Figure 16. Correlations between the presence of virus, as
measured by direct titration of luminal contents 
and immunofluorescence of the small intestine, 
and lesion, as determined by the ratio villus 
length to crypt length, during the course of 
infection by SW20/21 in (a) posterior (b) middle 
and (c) anterior regions of the small intestine.
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Figure 17. Correlations between the presence of virus, as
measured by direct titration of luminal contents 
and immunofluorescence of the small intestine, and 
lesion, as determined by the ratio villus length 
to crypt length during the course of infection 
by SW9/11 in (a) posterior (b) middle and (c) 
anterior regions of the small intestine.
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of virus along the gut was not a significant problem.
The intestinal changes observed were similar to those 
previously described in piglets and other animals infected 
with rotavirus (Lecce et al., 1976? Mebus and Newman,
1977? Snodgrass et al. ,' 1977a? . Theil et al. , 1978). Both
rotavirus isolates induced an acute enteric disease in all 
the experimentally infected gnotobiotic piglets. Virus 
replication as indicated by immunofluorescence occurred in 
the epithelial cells of the villi of the small intestine.
Once infected these cells presumably lost functional 
activity rapidly, since the resulting loss of absorptive 
ability gave rise to diarrhoea before the appearance of 
histopathological lesions. Hyperplasia of the crypt
cells, which appear refractory to infection, occurs in an
attempt to maintain normal villus structure in the face of
•> »
massive epithelial desquamation, inability to do so is
reflected by villus atrophy. Since intestinal villus 
absorptive cells have digestive as well as absorptive 
functions, villus atrophy leads to a marked loss in the 
number of cells and the surface area available for absorbtion, 
as well as an impaired digestive capacity. Thus material 
entering the small intestine, either by ingestion or secre­
tion, is likely only to be poorly absorbed and to pass along 
to the colon. When the amount of this material exceeds 
the absorbtive capacity of the colon, diarrhoea will 
result. Diarrhoea may be further enhanced by the loss of 
lactase, an enzyme associated with the brush border. This 
leads to the accumulation of mal-digested lactose in the gut, 
which will tend to increase the amount of water retained 
due to its osmotic activity. The reduction in body weight
accompanying infection can be related to the degree of 
intestinal damage. The severity of body weight loss, and 
hence the disease would appear related to the total small 
intestinal damage. Thus with SW20/21 maximum gut lesion 
occurs at 60 h corresponding with body weight loss and 
recovery, whilst SW9/11 shows varying degrees of lesion 
throughout the intestine, with maximum total damage occurring 
about 100 h after infection again corresponding with the 
pattern of body weight loss. The differing mortality found 
amongst rotavirus-infected piglets varying from almost 100% 
at 2 days to only about 30% by 7 days (Woode, 1976), 
suggests that survival is associated with the animals 
ability to cope with the physiological change occurring 
during the period of severe gut lesion. Readjustment to 
these changes may be more rapid in older piglets. Villus 
regeneration as a result of virus control leads to ameliora­
tion of the diarrhoea, although looseness persists for many 
days perhaps as a result of functional immaturity of the 
newly regenerated epithelium and also residual viral 
activity.
Virus replication presumably takes place preferentially 
in the epithelial cells of the small intestine, because 
these cells possess the appropriate receptors for viral 
attachment. An alternative explanation for the preferential 
virus multiplication is that pancreatic enzymes are required 
for viral activation, as has been found for serial passage 
in vitro (Theil et al., 1977), and this requirement may 
extend to in vivo infections. Immunofluorescence was 
also detected, particularly with SW9/11 localised within 
the lamina propria of the villus cores, a. phenomenon
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reported by Theil et al. (1978). It is unknown whether 
this represents replication within cells of the lamina 
propria of the villus or accumulation of virus 
antigen by phagocytic cells. Electron microscopy has 
revealed the presence of rotavirus within macrophages 
of the lamina propria of calves infected with bovine 
rotavirus (Stair et al.., 1973) and also in lambs infected 
with human rotavirus (Snodgrass et al.., 1977a).
Recovery frcm infection with either rotavirus appears 
to be biphasic, the first phasei conmencing about 30 h 
after initial infection and resulting in a temporary 1,000 
fold drop in the free virus titre. Its extremely early 
onset suggests that it is non-immune in nature. It is 
likely to be due to the loss of cells sensitive to viral 
infection, following villus atrophy and replacement of 
the epithelium by undifferentiated cells. The production 
of interferon and other non-specific inhibitors may also 
play a role in this phase of virus control. The secondary 
increase in free virus content of the gut is presumably 
due to an increase in the number of cells capable of being 
infected as villus regeneration occurs. The second phase 
of control occurs about 90 h after infection and leads 
to the final elimination of the virus, this is more likely 
to be an immune response. Blandford and Heath (197 2) 
demonstrated antibody in the lungs of Sendai virus infected 
mice as early as the third day of infection and Mebus 
(1975) demonstrated th,£ disappearance of virus from Thiry- 
Vella loops of corona virus infected calves 5-6 days after 
infection and the presence of antibody in the loops 7 
days after infection. The longer period over which both
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free virus and replicating, cell-bound virus could be 
detected with infection by SW9/11 may be a reflection of 
differences in the immune response between the two isolates 
(see also 9.2.3).
4.5 CONCLUSIONS
The histopathological changes occurring as a result 
of infection by either porcine rotavirus can be summarised 
thus, the crypts enlarged, and the villi shortened whilst 
the normally columnar epithelium became cuboidal or squamous 
at the villous tips. In severely affected areas the villi 
became severely stunted, often reduced in number, and fusion 
was observed. Complete recovery is prolonged and is 
still incomplete by three weeks. However a major difference 
between the lesions induced by the two porcine rotaviruses 
examined, is the partial recovery of the lesion', observed 
in all areas of the small intestine from piglets infected 
with SW9/11, during infection.
The patterns of virus infection and production 
between the two rotaviruses in the regions of gut examined 
are similar,, apart from two differences. Firstly the 
limited involvement of the anterior small intestine in 
infections with SW20/21 and secondly the extended period 
over which SW9/11 can be detected by both fluorescence 
in the lamina propria and villus epithelium of gut 
sections, and direct titration of gut contents. Recovery 
from infection with either rotavirus isolate appears to 
be biphasic. The first phase commences about 22 h after 
initial infection and results in a 1000-fold reduction
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in virus titre. The second phase comes into operation 
at about 90 h and leads to final elimination of the virus. 
Differences between the two rotaviruses can also be seen 
in the patterns of body-weight loss resulting from infection. 
SW20/21 caused a body-weight loss of about 10% over a 
period of 2 to 5 days, whilst SW9/11 caused a body-weight 
loss of about 20% over a period of 4-6 days.
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CHAPTER FIVE
LOCAL AND CIRCULATING ANTIBODY RESPONSES OF 
GNOTOBIOTIC PIGLETS TO INFECTION WITH ROTAVIRUS
a
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5.1 INTRODUCTION
This chapter attempts to explain the biphasic recovery 
to rotavirus infection (chapter 4) in terms: of antibody
*
responses in serum, faeces and saliva.
5.2 METHODS
5.2.1 Animal experiments
Thirteen 5-day-old gnotobiotid piglets were infected 
with rotavirus, 7 with SW20/21 and the remaining 6 with 
SW9/11. Six piglets for use as controls were each 
inoculated with 0.5 ml of a 0.45 ]i filtrate diluted 1 in 
30 prepared from the gut contents.of an uninfected gnoto­
biotic piglet. Samples of blood, saliva and faeces were 
taken before infection and at intervals afterwards up to 
day 31 post infection. Where possible samples were 
collected before the first feed of the day.
5.2.2 Sample collection
Blood samples were obtained from the anterior vena 
cava, stored at +4°C overnight and the serum separated. 
Faecal samples were collected, and stored at +4°C before 
a 1 in 2 dilution was made in PBS. Saliva samples were 
collected as follows: 10 cm x 2 cm strips were cut from
a swab (Regal, filmated 8 ply, Johnson and Johnson Ltd.), 
and used to soak up the saliva present in the piglets 
mouth. These swabs were stored at +4°C overnight before 
being transferred into a 5 ml syringe where 1 ml of PBS 
was added (an approximate dilution of 1 in 2 (w/v)).
The diluted saliva was collected by squeezing the swab
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in the syringe. Both faecal and saliva samples were 
centrifuged at 2,000 rpm for 40 min. in an MSE bench 
centrifuge to remove solid particles. All samples were 
stored at -20°C.
5.3. RESULTS
5.3.1 Clinical signs and body weight loss
Clinical signs and body weight losses were as described 
in chapter 4. One pig (no. 8) infected with SW9/11 died 
7 days after inoculation.
5.3.2 Virus shedding
The period of virus shedding in the faeces was 
determined by inoculating LLCMK^ cultures in microtitre 
plates.(as for virus titration) with 10 yl of clarified 
faecal samples, in quadruplicate and examining them using 
the indirect immunofluorescent test for the presence of 
viral antigen.
No rotavirus antigen was detected in faeces from 
control animals. Rotavirus antigen was detected in faeces 
from piglets infected with SW20/21 frcm two days after 
infection. Virus shedding continued for at least 5 days 
and in some piglets for 10 days after infection. A 
similar period of virus shedding was observed with the 
piglets infected with SW9/11 except that virus was shed 
for up to a minimum of 7 days and a maximum of 10 days 
after infection.
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5.3.3 Immunological responses
Antiviral activity in all secretions was determined 
using the virus neutralisation test (VN) and the indirect 
immunofluorescent test for rotavirus-specific antibody 
(FA). Each sample was tested against its homologous virus. 
All control serum and saliva samples were negative against 
both viruses in the VN and FA tests. Control faecal 
samples were negative in the FA test, but were found to be 
capable of neutralising either rotavirus in the VN test 
(table 11). It was found that dialysis against at least 
four changes of DDW for 24 h at 4°C removed the majority 
of the inherent neutralising activity. All faecal samples 
were therefore dialysed prior to testing for neutralising 
activity. Dialysis was found to have no effect upon the 
antibody titres determined using the FA test.
The VN responses in .those, piglets infected with 
SW20/21 are shown in table 12? all animals showed similar 
responses. Neutralising activity in serum was detectable 
from day 3, rose to a peak titre of about 3.11 within 14 
days, falling slightly to a plateau of 2.5-3.0 by day 25. 
Neutralising activity in the saliva was detectable in most 
samples by day 9 rising slowly throughout the period of 
examination. Neutralising activity was detectable in 
^dialysed faecal samples from day 7. Due to the nature 
of the VN test, the presence of virus in some samples 
prevented the detection of neutralising activity in the 
faeces any earlier than 7-days after infection. No 
distinct pattern emerged as regards change in the titres 
of neutralising activity between individual piglets, although 
from day 10 the mean titres from all animals examined 
was about 0.9.
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Table 11
Virus neutralisation titres in both non-dialysed and dialysed faeces from 
uninfected gnotobiotic piglets
Virus neutralisation titre (log^Q) from piglet number
Days 14 15 16 17 18 19
^ f t c y*
infection Titrated against SW20/21 Titrated against SW9/11
a b a b a b a b a b a b
o <0. 3 • • • • • • • • • <0.3 <0. 3 <0.3 < O. 3 <0.3 <0. 3 <0.3 • • •
1 <0. 3 • • • <0. 3 <0. 3 0. 3 <0. 3 • • •
2 0. 3 <0. 3 • • • • • • 0.6 <0. 3
3 * * • • • * • • • 0.3 <0. 3 <0.3 <0. 3 0. 3 <0. 3 <0. 3 <0.3
5 <0. 3 ... <0. 3 <0. 3 0.9 <0.3 <0. 3 <0. 3 0.6 <0. 3 ... <0. 3
7 ... <0. 3 <0. 3 <0. 3 0.6 <0. 3 <0. 3 <0. 3 0.3 <0. 3 <0. 3
10 0.6 <0.3 0.3 <0. 3 i.2 <0. 3 <0. 3 <0. 3 0.6 <0. 3 0.9 <0. 3
14 o. 3 <0.3 0.3 <0. 3 1.2 <0.3 <0. 3 <0. 3 0.9 <0.3 • • • • • •
21 • • • • • • 1.5 0.3 0.9 0. 3 0.9 <0. 3 • • •
23 0.9 <0.3 0.6 <0. 3 1.5 <0. 3
... not done 
a non dialysed 
b dialysed
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infected with SW20/21 as detected using the VN test
Antibody ti tre (Log-^ Q) from piglet number Geometric
Secretion Day 1 2 3 4 5 6 7 Mean
0 - - - - - -
1 . - - - • • * -
3 0.00 0.60 0.60 0.60 0.30 0.42
5 2.20 ... ... 1.60 1.60 1.60 1.90 1.78
7 . 2.51 • • • 2.20 1.90 2.51 .2.20 2.26
SERUM 10 2.81 2.51 3.11 2.51 2.51 2.81 2.81 2.72
14 3.11 3.11 3.11 3.41 3.11 3.11 2.81 3.11
21 3.11 3.41 3.11 2.81 2.81 ... 2.81 3.01
25 2.51 2.81 3.11 2.51 2.51 ... • • • 2.69
31 ... — 2.81 2.81 -- -- --
O <0. 30 .... ... <0. 30 <0. 30 <0. 30 <0. 30 <0.30
1 <0. 30 ... <0. 30 <0. 30 • • • ... <0.30
3 <0. 30 ... <0. 30 <0. 30 <0.30 ... <0.30
5 <0. 30 ... <0. 30 <0. 30 <0.30 O. 30 <0.30
7 <0.30 <0.30 <0. 30 0.60 0.60 <0.30 <0. 30 <0. 30
SALIVA 9 0.30 0. 30 0. 30 1.20 0.90 0. 30 <0.30 0.47
11 <0. 30. 0.30 1.20 0.60 0.90 0.30 0. 30 0.52
14 0.60 0.60 1.51 0.60 0.30 0.90
17 0.60 0.90 0.90 0.60 0.90 • • • ... 0.78
21 . 0.90 0.90 0.90 1.51 1.05
23 ... ... 1.20 0.90 * . . ...
29 ... ... 1.20 1.20 --
0 <0.30 ... ... < p. 30 < 0. 30 < 0. 30 < O . 30 <0.30
1 <0.30 -- ... <0.30 <0.30 <0.30 <0.30 <0. 30
3 vp -- -- vp vp VP VP ...
5 vp ... vp VP VP vp --
FAECES 7 vp ... 0. 30 0.90 0.60 vp VP 0.60
(dialysed)
10 vp ... 1.20 0.90 vp 0.90 1.00
14 0.90 0.60 0.60 0.90 0.60 0. 72
21 -- 1.20 1.20 1.20 ... 0. 60 1.02
23 1.20 1.20 0.90 0.60 ... ... 0.90
29 -- ... 0.90 ... ... . •. • * •
31 • • • ... • • • 0.60 1.51 ...
- no antibody detected in neat serum
vp virus present in sample
... not done
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The VN responses in those piglets infected with 
SW9/11 are shown in table 13? greater variation between 
the individual animal responses as compared with those 
obtained frcm SW20/21 infected piglets was noticeable. 
Neutralising activity in serum was detectable from day 3 
rising to peak about day 21 at a titre of around 2.81. 
Neutralising activity in saliva was detectable in 3 out 
of 5 piglets on day 9, and intermittently thereafter in 
the other piglets. Neutralising activity was detectable 
in dialysed faeces from most animals 14 days post infection. 
Earlier detection was limited by the presence of virus 
in the samples, although in two cases no antibody could 
be detected in the apparent absence of rotavirus.
The FA responses in piglets infected with SW20/21 
are shown in table 14? all responses were similar. Serum 
antibody could be detected in the majority of samples by 
day 5, peaking at. a titre of about 2.8 6, 21 days after 
infection before apparently levelling off at a titre of 
about 2.6. Salivary antibody showed a variable time of 
onset, from as early as day 9 to as late as day 23.
Whilst antibody could be detected in dialysed faeces at 
low levels as early as day 3 in some cases, it could be 
detected in all animals by day 14, and was observed to 
rise slowly.
The FA responses in piglets infected with SW9/11 are 
shown in table 15? all responses were similar. Antibody 
could be detected in serum 7 days after infection and rose 
steadily thereafter. Salivary antibody could not be 
detected up to 21 days after, infection but low levels were 
observed on days 23 and 31 in the one piglet kept on beyond
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Secretion Day
Antibody titre (Log^Q) from piglet number 
8 9 10 11 12 13 Geometric
mean
0
1
- - - - - - -
3 0.00 0. 30 - - - - 0.05
4 0.00 0.00 0.30 0. 30 ... 0. 30 0.18
. 5 0.30 0.60 0.60 0.30 0.90 0.90 0.60
6 0.60 0.90 1.20 0.90 • • • 0.90
SERUM 7 Died 1.30 1.90 1.60 2.20 1.90 1.78
10 1.30 2.51 2.20 2.81 2.81 2.32
14 1.90 2.51 3.41 3.11 2.73
21 2.20 • • • 2.51 3.71 • * • 2.81
25 2.20 • • • • • • • * • ...
31 2.51 • • • • • • ... • • •
0 <0. 30 <0.30 <0. 30 <0. 30 <0. 30 <0.30 <0. 30
1 <0. 30 <0. 30 ... • • • ... • • *
3 <0. 30 <0. 30 <0.30 <0. 30 <0.30 • • • <0.30
4 <0. 30 <0.30 <0. 30 <0. 30 ... <0.30 <0.30
5 <0.30 <0.30 <0.30 <0. 30 0. 30 <0.30 <0.30
6 <0. 30 0. 30 <0. 30 <0. 30 ... • • • <0.30
7 Died <0.30 <0. 30 <0. 30 <0.30 <0.30 <0.30
SALIVA 9 0.30 <0.30 <0.30 0.60 0.60 <0.30
11 <0.30 <0. 30 <0. 30 ... 0.60 <0. 30i
17 0.30 • •• <0.30 0.60 0.90 0. 45
21 0.60 0.60
23 0.60 ... ... ... • • •
29 0.60 • • •* • • •
31 0.90 ... • • • ... --
0 <0. 30 <0.30 <0. 30 <0.30 <0. 30 <0. 30 <0. 30
3 vp vp VP vp vp vp ...
4 vp vp. vp vp — VP
5 VP VP vp vp VP VP ...
FAECES 6 vp VP vp vp • • • • • • ...
(dialysed) •7/ Died VP vp VP vp 0 . 30 ...
10 <0.30 vp vp 0. 30
14 <0.30 ... 0.30 0.60 0. 30 0.30
21 0.30 ... <0. 30 0. 30 ... 0.30
31 0.30 ... -- -- --
- no antibody detected in neat serum vp virus present in sample
... not done
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Antibody titre (Log^o) from piglet number 
Secretion Day 1 2 3 4 5 6 7
Geometric
Mean
0 ... -* - - - -
1
o
-- - - -- —
O
5 1 00 1.30 0.00 0.00 - 0.68
7 1 90 ... 1.90 1.30 0.90 0. 30 1.47
SERUM 10 . • 2.20 2.51 2.81 1.90 2.51 2.38
14 . . 2.20 2.20 2.81 2.20 3.11 2.81 2.56
21 2 51 3.11 2.51 3.41 2.81 ... 2.81 2.86
25 2 20 2.20 2.81 . 3.41 2.51 ... 2.62
31 -- 3.11 2.51 ... —
0 ... < 0. 30 < 0 . 30 < 0.30 < 0.30 <0.30
1 ... <0.30 <0. 30 <0. 30 <0. 30 <0.30
3 ... < 0. 30 <0.30 <0. 30 <0. 30 <0.30
5 ... <0. 30 <0. 30 <0.30 <0. 30 <0.30
7 <0.30 < 0 . 30 <0.30 <0. 30 <0.30 <0.30 <0.30
9 <0. 30 <0.30 0.30 0. 30 <0.30
11 0. 30 0.30 0.30 0.30
SALIVA
14 0.30 ... ... 0.90 0. 30 0.40
17 <0.30 0.60 < 0. 30 • * • ...
21 0.30 • • • ... 0.90 0.60
23 0.90 0. 30 ... ... l
29 0. 30 0.60 ...
31 - - * 0.90 ..... •
0 <0.30 <0. 30 < 0.30 <0.30 < 0. 30
1 <0. 30 <0.30 < 0.30 <0.30
3 0. 30 0.30 < 0.30 < 0. 30 <0.30
5 . .. 0.30 <0. 30 < 0. 30 <0.30
7 • « • 0.30 0. 30 0. 30 ... • • • 0. 30
FAECES 10 -- 0.60 0.30 < 0.30 0. 30 0.30
14 0.60 0.30 0. 30. 0.30 0.90 0.48
17 1.81 1.20 1.20 1.40
21 - - . 1.20 1.81 1.51 1.81 1.58
23 1.51 1.51 1.81 ... • • • ...
29 1.81 2.11 • • • • • •
31 2.41 2.11 -- * • • . * * * .
- no antibody detected in neat serum
... not done
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mrectea witn swy/x± as detected using the FA. test
Antibody titre
(LaW from piglet number
Secretion Day 8 9 10 11 12 13
Geometric
mean
0
1
"3
-
“ —*
...
J
4 - . - - - • • • - -
5 0.00 0.00 0.00 - - - <0.00
SERUM 6 0.00 0.00 0.00 - ... <0.00
7 Died 0. 30 0. 30 0.00 0. 30 0.00 0.18
10 1.30 0.60 0.90 0.90 1.60 1.33
14 1.90 • • • 1.81 1.30 2.20 1.94
21 1.90 2.20 2.20 • • • 2.10
25 2.20 • • • . • • • ...
31 2.20 -- ... • * • ...
0 <0. 30 <0.30 <0.30 < 0 . 30 <0. 30 <0. 30 <0.30
1 <0.30 <0. 30 ... <0. 30 • * <0.30 <0. 30
3 <0.30 <0. 30 <0. 30 <0. 30 <0.30 <0. 30 <0. 30
4 <0.30 <0.30 <0.30 <0.30 <0.30 <0. 30 <0.30
5 <0. 30 <0. 30 <0. 30 <0.30 <0. 30 <0.30 <0. 30
6 <0.30 <0.30 <0. 30 <0. 30 • m • • •• <0.30
SALIVA 7 Died <0. 30 <0. 30 <0.30 <0.30 <0. 30 <0.30
9 <0.30 <0. 30 <0.30 <0.30 <0.30 <0.30,
11 <0.30 <0.30 <0 . 30 <o .3q : <0.30 <0.30
17 * <0. 30 ... <0. 30 <0.30 <0.30
21 ... .... <0.30 <0. 30
23 0.30 ... ... . . . • • •
29 <0. 30 ... • • • ... ...
31 0. 30 ... -- -- ... --
0 <0. 30 <0. 30 <0. 30 <0. 30 <0. 30 <0. 30 <0. 30.
3 <0. 30 <0. 30 <0. 30 <0.30 <0. 30 <0. 30 <0. 30
4 <0. 30 <0.30 <0. 30 <0. 30 ... <0. 30 <0. 30
5 <0. 30 <0. 30 <0.30 <0. 30 <0. 30 <0.30 <0. 30
FAECES 6 <0.30 <0. 30 <0.30 0.30 <0. 30 <0.30
7 Died . 0.30 0. 30 <0.30 <0. 30 O. 30 <0.30
10 0.60 0.30 0.30 <0.30 0.30 0.30
14 0.60 ... 0.3.0 <0. 30 0. 30 O. 30
.21 . 0.30 ... 0.30 0. 30 * # • 0.30
31 1.20 -- -- -- • • •
- no antibody detected in neat serum 
... not done _ ■rrv'7
21 days. In all animals except one, antibody had been 
detected in dialysed faeces by 10 days after infection.
From this time low levels were maintained throughout the 
period of examination.
Neutralising activity as measured using the VN test 
was detected at titres consistently lower in all secretions 
examined from animals infected with SW9/11 as compared 
with those infected with SW20/21 (fig. 18). However, 
the patterns of response of neutralising activity in serum 
from piglets infected with either rotavirus were similar. 
Similarly antibody detected using the FA test occurred at 
titres consistently lower in all secretions examined from 
animals infected with SW9/11 as compared with those 
infected with SW20/21 (fig. 19). Again the patterns of 
antibody response in serum from piglets infected with either 
rotavirus were similar.
Good correlation between the patterns of response to 
infection obtained using either test were obtained with the 
FA test consistently giving slightly lower titres than 
the VN test in all serum, saliva and faecal samples 
examined.
5.3.4 Dialysable virus neutralising activity in faecal
material
Virus neutralising activity lost upon dialysis of 
the sample was found to be present in the faeces from animals 
infected with either of the rotaviruses. The titre of 
•this activity in infected piglets was calculated by 
measuring the virus neutralising activity before and 
after dialysis using the VN test and determining the
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Figure 18. Antibody responses to infection by SW20/21 and
SW9/11 in (a) faeces (b) saliva and (c) serum as 
measured by the virus neutralisation test.
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Figure 19. Antibody responses to infection by SW20/21
and SW9/11 in (a) faeces (b) saliva and (c) serum 
as measured by the indirect immunofluorescent test 
for rotavirus specific antibody.
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difference (table 16). These titres are equivalent to 
those obtained from control animals for non dialysed 
faeces (table 11). Since dialysis results in the complete 
loss of neutralising activity in the faeces of these 
animals due to the size of the samples available, faeces 
from only half of the group of control animals were 
titrated against SW20/21 (nos. 14, 15 and 16), whilst 
faeces from the other half. were titrated against SW9/11 
(nos. 17, 18 and 19) .
The results from the control animals indicate that
j
individual pig variation exists as regards the time of 
appearance and the titre of neutralising activity detected. 
Neutralising activity could be detected in some piglets 
as early as 3-days post infection and in others not until 
21-days post infection. The titre of neutralising 
activity increased as the piglet aged, with titres reaching 
levels of between 0.6 and 1.5 on 23 days after infection. 
Similar results as regards time of appearance and the titre 
of neutralising activity detected were found for dialysable 
virus neutralising activity from the faeces of piglets 
infected with either SW20/21 or SW9/11.
5.3.5 Determination of immunoglobulin classes important 
in the virus neutralising activity found in serum, 
saliva and faeces 
In an attempt to determine the major classes of 
immunoglobulin associated with the specific neutralising 
activity detected in serum, saliva and dialysed faecal 
samples from rotavirus-infected piglets, samples were 
adsorbed with monospecif ic antisera against porcine IgG,
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Table 16
Titres of dialysable virus neutralising activity present in faeces 
from infected piglets
Dialysable V.N. titres (Log1Q) from piglet numbers
Days
after 1 2 3 4 5 6 7 8 9 10 11 12 13
infection
infected with SW20/21 infected with SW9/11
0 <0.3 ... <0.3 <0. 3 <0.3 <0.3 <0. 3 <0.3 <0.3 <0.3 <0. 3 <0. 3 <0. 3
3 vp ....... vp vp vp. vp YP YP vp vp YP YP
4 vp . YP YP vp vp YP vp
5 vp . .. . vp vp YP YP vp vp YP YP vp vp
7 vp . <0.3 <0. 3 Died YP vp vp YP 0.6
10 . YP •...... <0. 3 0.6 vp <0. 3 0.9 vp vp - ...
14 0.3 . 0.3 0.6 0. 3 -- 0.9 ... 1.5 - 0.9
21 . . ... 0.6 0.9 -- 0. 3 1.2 ... 1.8 1.5
f
23 0.6 ..: o. 3 0.9 i.2 -- ... •••• ... ...
31 0.9 0.3 0. 3
... not done
- no activity detectable 
vp virus present
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IgA or IgM (immunoadsorption).
Serum, saliva and faecal samples from piglets numbers 
1, 2 and 3 (pool A), 4 and 5 (pool B), 9 and 11 (pool C) 
and 12 and 13 (pool D) were combined for each day tested,, 
Following immunoadsorption neutralising activity was 
measured using the VN test. The 50% end point was 
accurately determined using the following formula (Hoskins, 
1967) .
Proportionate distance 
= /_50%. - .(.%. neutralisation at dilution next below 50%)_/
(% neutralisation at dilution next above 50%) - (%
neutralisation at dilution next below 50%)
/
/
LogI© 50f end point = -Log^Q dilution next below 50% +
(proportionate distance x 
dilution factor)
The reproducibility of this method of determining the 
50% end point was determined by titrating a standard serum 
against a virus isolate in triplicate and determining the 
maximum variation obtained (table 17). No variation 
greater than two fold, was obtained. Therefore differences 
of two-fold or greater between unadsorbed and adsorbed 
samples corresponding to the removal of 50% or more of the 
neutralising activity were regarded as significant.
Immunoadsorption of faecal samples was not successful, 
extreme difficulty was found in adsorbing antibody from 
the samples. . Repeated adsorption failed to significantly 
lower the neutralising antibody from titres as compared 
with the controls, whilst having the effect of continually 
diluting the sample.
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Table 17
50% neutralising end points showing the maximum variation 
obtained for different sera against both rotavirus isolates
Virus isolate SW20/21 SW9/11
Antiserum 77B G199 27B 27B 6 0B
50% V.No 8698 331 935 181 333
end points 6088 535 1598 252 617
9016 470 958 -193 • 375
Maximum variation 1.48 1 062 1.71 1.39 1.85
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Immunoadsorption of pooled saliva from piglets 
infected with SW20/21 (pools A and B) show that the class 
of immunoglobulin most important as regards the virus 
neutralising activity detected in saliva is IgA (table 18) . 
Removal of IgA from the sample leads to at least a two­
fold and more commonly a four-fold reduction in neutralising 
activity at any time after infection, whilst removal of 
either IgM or IgG has little effect upon the neutralising 
titre. Similarly immunoadsorption of pooled saliva from 
piglets infected with SW9/11. (pool C) also shows the major 
class of immunoglobulin concerned with virus neutralising 
activity to be IgA (table 19).
Immunoadsorption of pooled sera from piglets infected 
with SW20/21 (pools A and B) indicate that two classes 
of immunoglobulin are important as regards the virus
9
neutralising activity detected in serum. Removal of either 
IgM or IgA reduces the virus neutralising activity of the 
serum at any time after infection about two-fold (table 20). 
However removal of IgG has little effect upon the 
neutralising titre. Immunoadsorption of pooled sera from 
piglets infected with SW9/11 (pool C and D) 7-days after 
infection with any of the three classes of immunoglobulin 
failed to reduce neutralising titres despite repeated 
attempts. Immunoadsorption of pool C sera 14-days after 
infection suggests IgM to be the major immunoglobulin 
involved in the virus neutralising activity detected with 
the possibility of some involvement of IgG, while the 
removal of IgA would appear to have no effect upon the 
neutralising titres obtained. However, immunoadsorption 
of pool D sera suggests IgA to be the major class of
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Table 18
Immunoadsorption of pooled saliva from piglets infected with 
SW20/21
Days
after
infection
, Pool
Neutralising titre of saliva
, , , I g M  I g A  I g G  unadsorbed y , 9 9 , adsorbed adsorbed adsorbed
11 A 2 2  < 2 2
B 4 4  <  2 4
17 A 8 6 ^ 8
B 4 4  2 4
31 A • © • • O O # • o o • •
B 8 8  2 8
. . .  notj done
titres underlined are reduced at least two-fold in comparison
with the unadsorbed control
Table 19 , ... - - -.' ■* .
Immunondsorption'-~bf pooled saliva from piglets infected' with
SW9/11
-
..........f
Days
after
infection
Pool
Neutralising titre of saliva
, , , . I ‘g M  I g A  v I g Gunadsorbed 9 9 , , 9, , 
adsorbed adsorbed adsorbed
1 1 C <  2 o • e • • o • • •
D < 2 • • • • « • © © ©
17 C 2 3 < 2 2
D • • • • • • • • • • • •
2 1 C 6 6 2 6
- D • • o o • • • • • • • •
coo not done
titres underlined are reduced at least two-fold in comparison 
with the unadsorbed control
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Table 20 - - - . • "
Immunoadsorption of pooled sera from piglets infected 
with SW20/21
Days
after
infection
Pool
Neutralisation
Unadsorbed , _ 
adsorbed
titre of 
I g A  
adsorbed
serum
g^G
adsorbed
7 A 6 2 2 2 0 6 5 4 8 3 5 7 , 3 8 9
• ...
B 1 6 8 , 1 9 8 1 0 7 1 2 5 1 1 7
1 4 A 1 0 3 6 6 0 5 , 6 2 4 6 2 5 , 8 1 9 9 9 2 , 1 0 9 7
B 2 3 4 7 9 6 0 :V 3 1 5 2 4 2 1
2 1 A 1 2 1 7 , 8 9 2 5 9 0 2 6 9 , 2 4 9 8 4 7 , 5 6 6
B 6 9 9 , 7 8 7 2 6 6 1 9 4 5 5 0
3 1 A • • • • • • • • • • • •
B 1 4 2 7 7 1 0 5 6 2 2 2 6 7
... not done
titres underlined are reduced at least two -fold in comparison
with unadsorbed controls.
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immunoglobulin involved, its removal lowering the 
neutralisation titre at least two-fold whilst removal of 
IgM or IgG had little effect upon, the titre (table 21). 
Immunoadsorption of pool c sera 21-days after infection by 
any of the 3 classes of immunoglobulin failed to reduce 
the neutralisation titres by two-fold.
5.4 DISCUSSION
With the FA test, the commercially obtained RaSw 
had been produced against porcine immunoglobulin G, however 
it cross reacted to a lesser extent with immunoglobulins 
A and M. Naturally this will reduce the sensitivity of 
the test and may explain the apparent later antibody 
response detected using this test. The VN test is basically 
similar to a plaque reduction test except that single 
fluorescing cells are used as equivalent to plaques.
A similar test has also been used for the detection of 
antibody to rabies virus where cytopathic effects are not * 
reproducible (Smith et al., 1973). • The method used here 
for determining the antibody titre gives only approximate 
50% end points, but these are adequate for determining the 
pattern of antibody response due to rotavirus infection.
The method of accurately determining 50 neutralising 
end points was used in an attempt to reduce the 
inaccuracies of the test. Certain inaccuracies, such 
as the effects of chance on the distribution of virus 
and antibody in the dilutions, and dilution errors 
could not be reduced in this way, however these were 
minimised by testing each sample in quadruplicate.
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Table 21
Immunoadsorption of pooled sera from piglets infected 
with SW9/11
Days
after
infection
Pool
Neutralisation
Unadsorbed , , adsorbed
titre of
IgA
adsorbed
serum
adsorbed
7 C
D
61
63,66
70
53,71
71
63
70
66
14 C
D
208,256
3096
108
3210
236
1234
136,133
3713
21 C
D
163
o o o
135 88 218 
• • •
... not done
titres underlined are reduced at least two-fold in comparison 
with unadsorbed controls.
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The immunoadsorption of faecal samples was unsatis­
factory because of a failure to adsorb antibody. This 
may be because the mucus, inherent in the samples, coats 
the immunoadsorbent beads and prevents them from reacting 
with any antibody molecules present. However, the 
failure to adsorb antibody from the serum pools from piglets 
7 days after infection with SW9/11 requires an alternative 
explanation. One such possibility is that the ratio of 
antigen (serum antibody) to antibody (immunosorbent) is 
such that relatively little antigen can be bound, this 
could be due to an excess of immunosorbent in the reaction.
The results of this study of the antibody response 
to infection of piglets by rotavirus, indicate that anti­
bodies are detectable in serum, saliva and faeces. The 
importance of passively derived serum antibody in the control 
of rotavirus infection is doubtful. Mebus et al. (1973b) 
and Woode et al. (1975) both found that circulating 
antibody did not protect calves. Similarly, circulating
*
antibody does not protect,pigs from transmissible 
gastroenteritis virus infections either when derived 
passively (Haelterman and Hooper, 1967) or actively 
(Harada et al., 1969). However, the presence of antibody 
in the intestinal lumen as either colostrum or gamma 
globulin has been shown to be effective in protecting calves, 
lambs and piglets from rotavirus infections (Bridger and 
Woode, 1975; Snodgrass et al., 1977b; Snodgrass and Wells,
1976; Pearson and McNulty, 1977). It is therefore 
likely that the antibody detectable in faeces was produced
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in the small intestine and plays a significant part 
in the control of rotavirus infections.
The amount of antibody in the secretions was low and 
variable in comparison with the high, stable concentration 
in the serum. However, it must be considered that 
secretory antibody is constantly synthesized and secreted, 
whilst serum antibody circulates within a closed system. 
Inactivation by enzymes etc. in the secretions may further 
lower the titres obtained. The constituents of the 
faeces will also vary throughout the course of the disease. 
The water content and hence the dilution effect on a given 
amount of antibody will increase when an animal is in 
diarrhoea. The presence of free virus in the faeces 
might be expected to further reduce the ability to detect 
faecal antibody, since the formation of antigen-antibody 
complexes removes otherwise detectable antibody from the 
system.
Virus persists longer in the faeces of piglets infected 
with SW9/11, and this may partially explain the later 
detection of faecal antibody with this isolate, compared 
with SW20/21. However antibody to SW9/11 also appears 
later in serum and saliva, suggesting other reasons apart 
frcm the formation of antigen antibody complexes for this 
delay in antibody production. Possibilities to explain 
this phenomenon include differences in the immunogenicity 
of the two isolates, causing a weaker immune response to 
the antigens of one isolate, depression of the 
immune response as a result of the infection (immuno­
suppression) or the induction of ineffective antibodies.
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Ineffective antibodies could be due to the production of 
antibody molecules poorly able to bind to the viral 
antigens, i.e. of low avidity, or they could be directed 
against 1unimportant' antigen determinants. This last 
possibility is however less likely since there is good 
correlation between the VN responses, which measure the 
’important* neutralising ability of the antibody, and the 
FA responses which give a more general measure of total 
antibody. Thus it would appear that similar proportions 
of the anti-rotavirus, antibody produced against either 
rotavirus isolate are directed against the neutralising 
antigens.
The appearance of antibody in the faeces corresponds 
with the reduction in titre and final elimination of virus 
from the faeces and may therefore play a role in control 
of the disease. Neutralising antibody has also been 
reported to appear in secretions following infection with 
many viruses including adenovirus (Bellanti et al., 1969) 
influenza virus (Waldman and Coggins,1972), rhinovirus 
(Perkins et al,., 1969) , and poliovirus (Kawakami et al. ,
1966? Ogra and Karzon,. 1969). Virus neutralisation in 
the intestine would be further enhanced by the presence of 
the high titres of the non-immunoglobulin viral inhibitor 
also detected.
5.5 CONCLUSIONS
Specific anti-rotavirus activity appears in both oral 
and alimentary tract secretions as well as serum.
However the antibody titres in the secretions are lower than 
those in the serum. There was little difference in the
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pattern of the antibody response between the two tests 
used to measure antibody titre except that antibody 
detected by FA apparently developed later than that 
detected by VN.
Following infection with either rotavirus isolate, 
antibody could be detected in the serum 3 to 4 days after
infection, but not until 7 days or later in any of the other
•%
secretions. It was also noticeable that antibody against 
SW9/11 whilst following similar patterns to that to 
SW20/21 was always produced later. Virus could be detected 
in the faeces of infected piglets from 2 days after 
infection, although the period of shedding is longer with 
SW9/11 than with SW20/21. There is good correlation 
between the appearance of antibody and the disappearance 
of virus in the faeces.
•X ft
Virus neutralising activity of a non-immunoglobulin 
(dialysable) nature, at titres comparable with those 
found for antibody, can also be detected in the faeces 
of both control and infected piglets. Rotavirus infection 
would appear to have no observable effect upon the 
production of this neutralising activity.
IgA appears to play a major role in the neutralising 
activity of both serum and saliva, whilst.IgM only appears 
to be active in serum. The test is unsatisfactory for use 
with faecal samples due to failure to adsorb antibody.
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CHAPTER SIX
THE APPEARANCE AND DISTRIBUTION OF 
IMMUNOGLOBULIN-CONTAINING CELLS IN THE SMALL INTESTINE, 
STOMACH AND MESENTERIC LYMPH NODE OF 
ROTAVIRUS INFECTED GNOTOBIOTIC PIGLETS
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6.1 INTRODUCTION
Studies of the local and circulating antibody responses 
induced in the gnotobiotic piglet infected with rotavirus 
revealed a positive correlation between the appearance of 
detectable antibody in the faeces and the elimination of 
the virus from the. intestine (chapter 5). However the 
assay systems used were designed to only measure the 
presence of free antibody. It is possible that antibody 
could be present, complexed with antigen and hence modify 
the disease, many days before the detection of free 
antibody. This chapter therefore describes the detection 
and enumeration of immunoglobulin-containing cells in the 
lamina propria of the small intestine in an attempt to 
determine the time of onset of antibody production and 
differences: in the distribution of such cells in response 
to infection with different rotavirus isolates. The 
immunoperoxidase technique was used because of its advantages 
over immunofluorescence (Petts and Roitt, 1971) particularly 
in the pig (Brown et al., 1974).
6.2 METHOD
6.2.1 Animal, experiment
From a total of 32, 5-day-old gnotobiotic piglets,
23 were infected with rotavirus, numbers 1-10 inc. with 
SW20/21 and numbers 11-23 inc. with SW9/11, the. remaining 
9 (numbers 24-32 inc.) were kept as controls and inoculated 
with 0.5 ml of a 0.45 y filtrate diluted 1 in 30, prepared 
from the gut contents of an uninfected gnotobiotic piglet. 
Those animals infected with SW20/21 were tested after 2
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days, 3 days (.2 x piglets) , 5 days (2 piglets) , 7 days,
11 days, 14 days (2 piglets) and 21 days, those infected 
with SW9/11 after 1 day, 2 days, 3 days (2 piglets),
5 days (2 piglets), 11 days (2 piglets), 14 days and 
21 days (.2 piglets) whilst the control animals were tested 
after 1 day, 2 days (2 piglets), 5 days (2 piglets), 11 
days, 14 days (2 piglets), and 21 days. Portions of the 
small intestine were collected from three positions as 
described for the histological examination in chapter 4.2.1. 
Position 1 was 5 cm above the ileo-caecal valve (posterior 
small intestine) and position 2 (middle small intestine) 
and position 3 (anterior small intestine) were at intervals 
of 120 cm along the intestine. Two different areas 
within each position were collected. Stomach and 
mesenteric lymph nodes serving the anterior and posterior 
regions of the small intestine were also collected. All 
tissues were fixed in 95% ethanol and processed for 
immunohistochemistry by the method of Sainte-Marie (1962) 
before staining with peroxidase conjugated anti immuno­
globulins M, A and G.
6.3 RESULTS
6 .3.1 Clinical signs and body-Weight losses
All clinical signs and body weight losses in infected 
piglets as previously described in chapter 4.3.1.
6.3.2 Bacteriologicai examination
All piglets used in these studies remained bacteria- 
free according to the routine bacteriological examination 
employed.
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6.3.3 Immunohistochemistry
The number of immunoglobulin-containing cells present 
in the lamina propria of the small intestine and stomach 
were quantitated by counting the numbers present in 50 
randomly-selected fields of view (x 40 objective), 25 
from each of the two separated portions at each area, and 
obtaining the mean. In Peyer's patch lymphoid tissue 
the numbers of immunoglobulin-containing cells in only 
30 randomly selected fields of view were counted.
Wherever possible serial sections were used to allow a mord 
direct comparison between the classes of immunoglobulin- 
.containing cell.
All tissues examined from control piglets were found 
to be uniformly pale, and only low numbers of immunoglobulin 
containing cells of any class could be detected (table 22). 
However from 5 days after infection the number of 
immunoglobulin M-containing cells in Peyers patch lymphoid 
tissue increased.
The numbers of immunoglobulin-containing cells of all 
classes, in all tissues examined are shown for SW20/21 
in table 23 and for SW9/11 in table 24. Variations of 
up to about two-fold existed between duplicate piglets 
and it is of interest to note that the largest variations 
occurred in piglets infected with SW9/11.
In the lamina propria of the anterior small intestine 
the numbers of either IgM or IgG containing cells followed 
the same patterns in piglets infected with either of the 
rotavirus isolates (figs. 20a and 21a). The number of 
IgM-containing cells began to rise from about 3 days post 
infection, peaked between 7 and 11 days and then began
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Mean number of IgM, IgA and IgG containing cells in differing regions 
of the small intestine and stomach of.uninfected gnotobiotic piglets
Days after 
infection
Pig
no.
Area*
sampled
Mean
stained
IgM
no. of cells 
specifically
IgA
for
IgG
a 0.02 0.00 0.00
b 0.00 0.04 0.00
1 24 c 0.04 0.00 0.00
d 0.00 0.00 0.00
e 0.02 0.02 0.00
a 0.00 0.00 0.00
b 0.02 0.02 0.00
2 25 c 0.00 0.00 0.00
d 0.00 0.00 0.00
e 0.00 0.00 0.00
a 0.08 0.04 0.04
b 0.02 0.06 • 0.02
2 26 c 0.00 0.00 0.02
d 0.00 0.07 0.07
e 0.08 0.06 0.00
a 0.04 0.06 0.02
b . 0.00 0.04 0.00
5 27 c 0.00 0.02 0.08
d 0.00 0.03 0.06
e. 0.06 0.06 0.00
a 0.00 0.00 0.00?
b 0.00 0.08 0.04
5 28 c 0.00 0.08 . 0.04
d 0.23 0.00 0.10
e 0.04 0.04 0.02
a 0.06 0.16 0.02
b 0.02 0.00 0.00
11 29 c 0.02 0.00 0.00
d 0.23 0.00 0.00
e 0.04 0.16 0.00
a 0.02 0.00 0.00
b 0.04 0.02 0.02
14 30 c 0.00 0.04 0.00
d 0.25 0.00 0.00
e 0.00 0.02 0.00
a 0.06 0.16 0.04
b 0.02 0.12 0.14
14 31 c . 0.02 0.10 0.06
d 0.20 0.00 0.00
e 0.00 0.10 0.00
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Mean no. of cells
Days after Pig Area* stained specifically for
infection no. sampled IgM IgA IgG
a 0.28 0.08 0.00
b 0.08 0.08 0.04
21 32 c 0.12 0.04 0.02
d 0.40 0.10 0.00
e 0.08 0.02 0.00
* a = anterior small intestine; b = middle small 
c = posterior small intestine; d = Peyers patch 
e = stomach.
intestine; 
lymphoid tissue;
= not done.
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witn tswzo/zi
Days after 
infection
Pig
no.
Area*
sampled
Mean
stained
IgM
no. of cells 
specifically
IgA
for
IgG
a. . 0.22 0.04 0.02
b 0.52 0.00 0.02
2 1 c 0.06 0.00 0.00
d 0.43 0.03 0.03
e 0.02 0.02 0.00
a 0.10 0.08 0.08
b 0.20 0.10 0.08
3 2 c • • • • • • ------
d • • • • • • • • •
e 0.04 0.00 0.00
a 0.16 0.04 0.00
b 0.08 0.00 0.00
3 3 c 0.00 0.00 0.00
d 0.00 0.00 0.00
e 0.02 0.06 0.00
a 0.68 0.04 0.04
b 0.66 0.08 0.04
5 4 c 0.06 0.06 0.00
d 0.63 0.00 0.00
e 0.06 0.00 0.00
a 0.28 0.06 0.00
b 0.44 0.08 0.00
5 5 c 0.00 0.04 o.o,?
a 0.67 0.00 0.00
e 0.00 0.00 0.00
a 0.60 0.38 0.02
b 0.64 0.18 0.06
7 6 c 0.08 0.06 0.06
d 0.73 0.00 0.00
e 0.02 0.02 0.00
a 0.48 0.12 0.00
b 0.40 0.16 0.00
11 7 c 0.02 0.00 0.02
d . 0.40 0.00 0.00
e 0.02 0.00 0.00
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Days after 
infection
Pig
no.
Area*
sampled
Mean no. of cells 
stained specifically for
IgM IgA IgG
a 0.26 0.04 0.02
b 0.12 0.02 0.06
14 8 c 0.16 0.04 0.06
d 0.87 0.00 0.00
e 0.06 0.02 0.00
a 0.14 0.02 0.00
b 0.24 0.00 0.06
14 9 c 0.16 0.06 0.00
d 0.23 0.00 0.16
e 0.02 0.00 0.00
a 0.18 0.02 0.30
b 0.50 0.00 0.02
21 10 c 3.36 8.32 7.02
d . 1.20 1.40 1.93
e 0.52 0.38 0.32
* a = anterior small intestine; b = middle small intestine;
c —  posterior small intestine; d = Peyers patch lymphoid tissue; 
e = stcmach.
... = not done.
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Mean number of IgM, IgA and IgG containing cells in differing regions of 
the small intestine and stomach of gnotobiotic piglets, infected with 
SW9/11
Days after 
infection
Pig
no.
Area*
sampled
Mean no. of cells 
stained specifically
IgM IgA
for
IgG
a 0.00 0.00 0.00
b 0.00 0.00 0.00
1 •11 c 0.02 0.04 0.08
d 0.03 0.00 0.00
e ... ... ...
a 0.00 0.04 0.02
b 0.00 0.00 0.02
1 12 c 0.08 0.04 0.00
d 0.16 0.00 0.00
e 0.00 0.00 0.00
a 0.04 0.00 • • •
b 0.06 0.04 0.02
2 13 c 0.08 0.06 0.04
d 0.03 0.00 0.00
e 0.06 . 0.00 0.08
a 0.04 0.02 0.00
< b . 0.02 0.00 0.00
2 14 c 0.02 0.00 0.02
d 0.03 0.03 0.00
e 0.04 0.00 0.00
a 0.16 0.00
1
0.00
b 0.16 0.06 0.08
3 15 c 0.08 0.02 0.00
d 0.23 0.06 0.03
e 0.04 0.00 0.04
a 0.16 0.08 0.00
b 0.08 0.02 0.00
3 16 c 0.10 0.02 0.02
d 0.33 0.10 0.00
e 0.00 0.00 0.00
a 0.66 0.06 0.06
b 0.20 0.04 0.02
5 17 c 0.24 0.08 0.08
d 0.87 0.33 0.87
e 0.04 0.06 0.04
a 0.50 0.04 0.00
b 0.42 0.04 0.04
5 18 c 0.10 . 0.04 0.00
d 0.83 0.03 0.03
e 0.12 0.04 0.00
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infection no. sampled
IgM
JT
IgA IgG
a 1.70 0.04 0.06
b 0.84 0.08 0.08
11 19 c 0.26 0.02 0.00
d 1.47 0.00 0.43
e 0.04 0.04 0.02
a 0.26 0.04 0.02
b 0.38 0.04 0.00
11 20 c 0.26 0.00 0.00
d 1.10 0.00 0.27
e 0.20 0.00 0.02
a 0.60 0.06 0.04
b 0.36 0.04 0.02
14 21 c 0.82 0.10 0.00
d • 2.63 0.00 0.70
e 0.02 0.00 0.00
a 0.60 0.94 0.22
b 0.62 0.20 0.10
21 22 c 0.22 0.06 0.02
d • 1.33 0.26 0.20
e 0.08 0.00 0.02
a 0.18 0.06 0.20
b 0.18 0.56 0.06
21 23 c 0.44 0.06 0.04
d 2.63 • 0.33 0.16
e 0.02 0.00 0.08
f
* a = anterior small intestine; b = middle small intestine;
c = posterior small intestine; d = Peyers patch lymphoid tissue; 
e = stomach.
... = not done.
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Figure 20. Pattern of appearance of different classes of 
immunoglobulin-containing cells in response to 
infection by SW20/21 in (a) anterior (b) middle 
(c) posterior and (d) Peyers patch lymphoid tissue 
of the small intestine.
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Figure 21. Pattern of appearance of different classes of 
immunoglobulin-containing cells in response to 
infection by SW9/11 in (a) anterior (b) middle 
(c) posterior and (d) Peyers patch lymphoid tissue 
of the small intestine.
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to fall to control levels. Between 14 and 21 days after 
infection the number of immunoglobulin G-containing cells 
had begun to rise above the levels found in the controls.
In piglets infected with SW20/21, from 5 days after infection 
IgA-containing cells rose to a peak at 7 days and then 
slowly returned to control levels by 14 days after inocula­
tion. In contrast IgA-containing cells from piglets 
infected with SW9/11 remained at control levels until around 
day 2 1.
In the lamina propria of the middle small intestine 
the numbers of either IgM or IgG-containing .cells again 
followed the same patterns in piglets infected with either 
of the rotavirus isolates (figs. 20b and 21b). The numbers 
of IgM-containing cells rose to peak between 7 and 11 
days and then fell slightly to a plateau 14 to 21 days after 
infection. No increases in IgG-containing cells above 
control levels was detected. In the piglets infected 
with SW20/21 a slight rise in the numbers of IgA containing 
cells could be tentatively identified between days 7 and 
11. In contrast IgA-containing cells frcm piglets infected 
with SW9/11 remain at control levels until around day 21.
IN the lamina propria of the posterior small intestine
not associated with Peyer's patch lymphoid tissue there
was no similarity in. the changes in numbers of IgM, IgA or
IgG containing cells between those piglets infected with
SW20/21 or SW9/11 (figs. 20c and 21c). In piglets infected
with SW20/21 numbers of IgM, IgA or IgG-containing cells
rose frcm control levels at day 14 to the highest numbers
found at any time in any tissue examined, 21 days after
infection. However in piglets infected with SW9/11 the
numbers of IgM-containing cells rose slowly between 5 and
- 138. -
11 days after infection, peaked at day 14, and had almost 
returned to control levels by day 21. There was a rise 
in the numbers of IgA containing cells between 14 and 21 
days after infection but the numbers of IgG-containing 
cells did not rise above control levels.
In the Peyer's patch lymphoid tissue of the posterior 
small intestine there was again no similarity in the 
patterns of response between the two isolates to infection 
involving either IgM, IgA or IgG-containing cells (figs. 20d 
and 21d). The number of IgM-containing cells in piglets 
infected with SW20/21 rose between days 3 and 5 to a 
plateau level and then began to rise again to fairly high 
levels between days 14 and 21. The numbers of cells
containing IgA and IgG also rose to similar levels at this
time. In piglets infected with SW9/11 a dramatic rise 
in the numbers of IgM-containing cells from day 2, peaking
around 14 days after infection was detectable. A similar
though considerably smaller rise in the numbers of IgG- 
containing cells also occurred following this pattern. The 
numbers of IgA-containing cells showed small increases above 
control levels at 5 and 21 days after infection.
In the stomach the numbers of immunoglobulin containing 
cells of all classes did not rise above control levels 
except on day 21 in the piglet infected with SW20/21.
Throughout the areas of the small intestine examined, 
the immunoglobulin-containing cells occurred either singly 
or as groups of rounded or oval cells with extensive 
cytoplasmic staining and an eccentric nucleus. These 
cells occurred mainly in the deeper regions of the lamina 
propria between the crypts (fig. 22). In Peyer’s patch
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Figure 22. Lamina propria in the posterior region of the 
small intestine showing IgG-containing cells 
localised in the deeper regions between the crypts, 
21 days after infection by SW20/21.
Immunoperoxidase. X 400.
Figure 23. A focus of IgM-containing cells in the mesenteric 
lymph node 11 days after infection by. SW9/11. 
Immunoperoxidase. X 400.
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lymphoid tissue, stained cells were associated mainly with 
the lymphoid tissue of the domes as well as the deeper 
tissue between the bases of the lymphoid follicles. These 
cells were smaller than those found elsewhere in the lamina 
propria. The lymphoid follicles themselves contained a. 
few stained cells, these being larger than those in the 
domes and occurring mainly at the periphery. Those 
cells stained in the mesenteric lymph node, were mostly 
large with”a well stained cytoplasm and clearly defined 
nucleus.
In the mesenteric lymph node from control piglets 
up to 11 days post inbculation, few cells stained with 
antisera against IgM, IgA or IgG. From day 11 onwards
an increase in the number of cells staining with these
antisera occurred. These cells occurred in groups^mainly 
in and around the sub trabecular sinuses, with fewer cells 
elsewhere in the cortical tissue. A similar pattern 
was observable in the experimental piglets. In those 
piglets infected with SW9/11 small foci of IgM stained 
cells were detectable in all piglets examined from day 11 
(fig. 23). However in those piglets infected with 
SW20/21 detection of such foci was sporadic, they could be 
detected in one of the two piglets examined at 5 days 
(no. 4) in the piglet examined at 7 days (no. 6) but not 
at 11 days,, in one of the two piglets examined at 14 days
(no. 8) and in the piglet examined 21 days after inoculation.
Foci were either present in both anterior and posterior 
mesenteric lymph node or not at all. In some of these 
areas immunoglobulin staining occurred in the form of a 
central reticular pattern. No foci of either IgA or IgG
containing cells were observed.
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By day 11 the mesenteric lymph nodes of all infected 
piglets were enlarged with comparison to the control 
animals.
6.4 DISCUSSION
The method for quantitation of numbers of immunoglobulin- 
containing cells is similar to those used by Allen and 
Porter (1973) and Bradeley et al. (1976), except that in 
an attempt to reduce variation within each portion of the 
intestine under examination two areas from each portion 
were counted. The two-fold variation between the responses 
from piglets examined at the same time after inoculation 
with the same rotavirus that was still obtained may reflect 
individual piglet variation. It-is however interesting 
to note that the greatest variation occurred between 
duplicates of piglets, infected with SW9/11.
Since all the piglets remained germfree as far as 
the routine bacteriological examinations could detect, all 
increases in the numbers of immunoglobulin-containing cells 
were presumptively due to inoculation of rotavirus. That 
no similar increases in numbers of immunoglobulin-containing 
cells occurred between control and experimental piglets 
implies that these increases were due to rotavirus infection. 
However from 5-days after, inoculation increases in the 
numbers of IgM-containing cells in Peyers patch lymphoid 
tissue and from 11 days increases in the numbers of all 
classes of immunoglobulin-containing cells in the mesenteric 
lymph nodes was detectable in control animals.• These 
may have been a result of either exposure to antigens other
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than rotavirus, e.g. faecal antigens or milk antigens from 
the diet or alternatively to a maturation of the immune 
system. The high numbers of IgM-containing cells stained 
in pig no. 1 suggest antigenic stimulation, but no organisms 
were detected using the routine bacteriological examination. 
These levels cannot therefore be explained, although it is 
possible that stimulation was non-bacterial or that bacteria 
were not present in sufficient numbers to be detected.
The results indicate that infection of 5-day-old 
gnotobiotic piglets with rotavirus stimulates the appearance, 
in the lamina propria of the small intestine of immuno­
globulin-containing cells of all classes. The location 
of these cells were similar to those found in studies of 
immunoglobulin-containing cell distribution in the small 
intestine of pigs (Allen and Porter, 1970: Allen and
Porter, 1973? Brown, and Bourne, 1976a, 1976b). However 
no staining associated with crypt epithelial cells, either 
intra or extracellular was detected and consequently no 
comment on the possible route of immunoglobulin secretion 
can be made. The most probable reason for this lack of 
staining is the relatively low numbers of immunoglobulin- 
containing cells occurring even in the infected gnotobiotic 
piglets as compared with the numbers occurring in conven-. 
tional animals, and hence lower levels of immunoglobulin 
production.
Increasing numbers of immunoglobulin-containing cells 
appear in the small intestine by 5-days after infection, 
with the largest numbers comprising the IgM class. This 
is in contrast to conventional adult pigs where the main 
class of immunoglobulin containing cell comprises IgA
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(Bourne, Pickup and Honour, 1971). However Allen and 
Porter (1973) found that in the young conventional piglet 
IgM-containing cells predominate, later confirmed by Brown 
and Bourne (1976a), who reported the appearance of 
immunoglobulin-containing cells at the end of the first 
week of life but that a mature profile was not reached 
until after a month. Similar findings were reported by 
Porter et al. (.1974) .
There are two main differences in the pattern of 
appearance of immunoglobulin-containing cells between 
piglets infected with either of the two rotavirus isolates. 
Firstly the patterns of appearance of IgA-containing cells 
in piglets infected with SW9/11 are different in all parts 
of the small intestine examined, compared to those infected 
with SW20/21. . Secondly the patterns of appearance of all 
classes of immunoglobulin-containing cells are different 
in both the lamina propria and Peyers patch lymphoid tissue 
of the posterior region of the small intestine between 
piglets infected with either of the two rotaviruses.
Thus infection with SW9/11 may simply fail to stimulate 
the production of IgA-containing cells from their precursor 
cells or it may interfere with the maturation process 
whereby IgA-containing cells become more predominant. 
Differences in the distribution of immunoglobulin-containing 
cells along the small intestine may reflect differences 
in the localisation of antigen in the gut since it has been 
suggested that antigen may immobilize immunoglobulin- 
containing cells as they migrate through the lamina propria 
of the gut (Husband et al., 1977).
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A definite biphasic IgM-containing cell response 
characteristic of the local immune system (Dolezel and 
Bienenstock, 1971; Werner et al., 1971) was not observed.
An initial peak could be detected with both rotavirus 
isolates 7 to 11 days after infection. The numbers of 
IgM-containing cells were beginning to rise 21 days after 
infection in piglets infected with SW20/21 although there 
was no apparent rise in piglets infected with SW9/11. If 
the period of: examination was extended it is therefore 
possible that this biphasic IgM-containing cell response 
would have been detected, and that the response to infection 
with SW9/11 would appear delayed compared with that to 
SW20/21.
The staining in the mesenteric lymph node was similar 
to that described by Brown and Bourne (1976b). There 
was little evidence, for antibody production in the lymph 
node as indicated by an increase in the numbers of 
immunoglobulin-containing cells, this being in agreement 
with Anderson (1972) who concluded that their major 
function entailed germinal centre formation. The 
distribution of staining associated with germinal centres 
resembled that described for antigen (Theil et al. , 1978) 
suggesting association with the lymph nodes antigen 
trapping and processing mechanism.
The small increase in the numbers of immunoglobulin- 
containing cells detected in the stomach could be related 
to the absence of viral antigen in this area, and hence 
little or no immobilisation of the immunoglobulin-containing 
cells migrating through the lamina propria.
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6.5 CONCLUSIONS
The main class of immunoglobulin-containing cell 
produced in the intestine in response to rotavirus infection 
would appear to be IgM although IgA and IgG-containing cells 
also appear in large numbers in the lamina propria and 
Peyers patch lymphoid tissue of the posterior small intestine 
of piglets infected with SW20/21. Following infection with 
either rotavirus the patterns of response by IgM-containing 
cells in the lamina propria of the anterior and middle 
regions of the small intestine appears to be broadly similar. 
By 5-days after infection the numbers of IgM-containing 
cells have risen above control levels, with a peak 7 to 
11 days after infection. However the major differences 
in response in these regions-lies with the increase in 
the number of IgA-containing cells occurring in' piglets 
infected with SW20/21 but not SW9/11. In both the lamina 
propria the Peyers patch lymphoid tissue of the posterior 
small intestine however, the major differences lie in the 
extremely high numbers of immunoglobulin-containing cells 
of all classes detectable in piglets infected with SW20/21 
as compared with piglets infected with SW9/11.
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CHAPTER SEVEN
NON-IMMUNOGLOBULIN ROTAVIRUS INHIBITORS
t
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7.1 ■INTRODUCTION
Antiviral activity present in the faeces of piglets 
may originate either as a secretion produced by the animal 
or externally being ingested as a feedstuff. A possible 
external source is milk in the piglet*s diet. Milk contains 
IgA which may possess antiviral activity as well as other 
non-antibody, antiviral secretions (Fieldsteel, 1974;
Falker et al., 1975; Matthews et al., 1976). Internally 
the glycoproteins and glycolipids comprising the mucous 
lining of the intestines may be capable of some antiviral 
activity. This chapter therefore describes an attempt to 
investigate some properties of the antiviral activity found 
in the faeces of the experimental piglets.
7.2 8 RESULTS
7.2.1 Examination of milk and faeces for the presence of
inhibitors
The condensed milk in the piglets diet was examined 
using the virus neutralisation test for the presence of 
antirotavirus activity. Antiviral activity against 
SW20/21 with a titre of 8-16 was found in each of three 
batches of milk examined.
Faecal samples were collected from an uninfected 
gnotobiotic piglet between one and four weeks of age and 
pooled. This pool of faecal material was diluted 1 in 2 
in PBS and clarified (chapter 5). Neutralising activity 
against SW20/21 was present in this pool at a titre of 64.
The antiviral activities detected in milk and faeces 
were examined in order to determine whether they behaved
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like that of known antiviral substances such as antibody 
or interferon. Milk diluted 1 in 4 in growth media or 
the faecal pool diluted 1 in 8 in growth media, were added 
to the LLCMK2 monolayer for 24 h before washing with PBS 
and inoculation of SW20/21 as for a VN test. Alternatively 
milk or faeces diluted as above were mixed with SW20/21 
at the time of addition to the monolayer as for a VN test.
No antiviral activity was found when the monolayer was 
preincubated with either milk or the faecal pool (table 25). 
However neutralisation of at least 75% of the virus present 
was achieved using milk diluted 1 in 4, whilst complete 
neutralisation of virus was achieved using the faecal pool 
diluted 1 in 8 , when they were mixed with SW20/21 at the 
time of addition to the monolayer. Other experiments 
showed that neutralisation was the same, whether either
ft
inhibitor, and virus were held together for periods of 
between one and sixty minutes, and also that reactivation 
of the virus did not occur following dilution of the 
incubation mixture. Neither inhibitor produced nor 
blocked the production of fluorescence in an indirect 
immunofluorescence test.:
The activities of these inhibitors against transmissible 
gastroenteritis virus (TGE) , Talfan virus, and the other 
rotavirus isolate (SW9/11) were examined. No neutralising 
activity against 10-100 TCD^Q , TGE or Talfan virus was 
detectable with either the milk or the faecal pool in 
secondary adult pig.thyroid cells, or with the milk 
against SW9/11 using the virus neutralisation test, whilst 
a titre of 4-8 was achieved with the faecal pool.
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Table 25 •
Effect of time of addition of inhibitors from milk and faeces on 
antiviral effect
Conditions
Fluorescent cell count
*vr-n 4. » j xFaecal pool *Milk tested  ^ ^ - 
. , tested as indicated . _. ^ _ 
as indicated
per well
Virus only 
control
Inhibitor added to 
monolayer 24 h 
before virus challenge
103,109,105 109,105,108 103,107,110
Inhibitor mixed with. 19,21,23 0,0,0,0 99,102,105
virus at time of 0,0,0,0 111,113,110
addition
* Milk used at a working concentration of 1 in 4. 
x Faecal pool used at a working concentration of 1 in 8.
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7.2.2 Some properties of the neutralising activity
The effects of various treatments upon the neutralising 
activity of either of the two inhibitors against SW20/21 
as tested using the VN test are shown in table 26. 
Neutralising activity from both faeces and milk are . 
relatively heat stable being unaffected by 56°C for 1 h 
or boiling for 5 minutes. Boiling for 1 h however, reduces 
the neutralising activity in the faecal pool eight fold,
r  —  -
whilst increasing that in the milk four fold1. Unlike the 
neutralising activity in the milk, that in the faecal pool 
is reduced by dialysis either against distilled water, or 
PBSa, b and c* The neutralising activity in the milk 
seemed to be associated with a protein since it was trypsin 
sensitive and capable of precipitation by 95% ethanol, 
however saturated ammonium sulphate, and IN hydrochloric 
acid both appeared to inactivate the activity. The 
neutralising activity in the faecal pool appeared ... 
insensitive to these treatments. Extraction of the faecal 
pool with either ether or 2:1 chloroform:methanol in order . 
to remove lipids had no effect upon the neutralising 
activity whilst that in the milk was absent from the 
precipitate and aqueous phase when extracted with 
chloroform:methanol. Oxidation using O.IM sodium periodate
reduced the neutralising activity in the faecal pool by 
at least eight fold, whilst having no effect upon the milk. 
Centrifugation of the milk at 70,000 g showed that the 
neutralising activity appeared to be associated with the 
aqueous layer-
This treatment was repeated on three different samples 
with the same result.
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The effect of various treatments on the neutralising activities of 
the inhibitors
Treatment
Neutralising titre* against 
- SW20/21
_ , , Carnation Faecal pool
milk
Untreated 64 16
Boiled 5 mins 64 16
Boiled lh 8 >64
56°C lh 64 16
Overnight dialysis against deionised
water (3 changes) +4°C 4 16
Overnight dialysis against PBSa, b and c -
(3 changes) + 4 C 8 ...
Equal volume 0.25% trypsin 37°C lh 64 <2
Precipitation with saturated ammonium
sulphate (1:1) precipitate <2 <2
supernatant 64 4
Precipitation with 95%
ethanol (1:1) precipitate ••• 16
Precipitation with IN HC1 ,
(1:10) precipitate <2 <2
supernatant 64 <2
Extraction with ether (4:1) aqueous phase 64 --
Extraction with 2:1 chloroform
methanol (4:1) aqueous phase
precipitate'
64 <2
— <2
Oxidation by O.'lM sodium .
f
periodate (1:1) + 4°C overnight 
inactivated with 1% glycerol in 
PBSa (2:1) <8- 16
Centrifugation at 70,000 g 1 h
„ aqueous layer • • • >32
* All titres adjusted for dilution effects.
^ All precipitates resuspended in original volume. 
... Not done.
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7.3 DISCUSSION
Preincubation of the LLCMK2 cell system with either 
faecal material from uninfected gnotobiotic piglets or the 
milk in the piglets diet fails to prevent the production 
of viral antigen by the cell as detectable by immuno­
fluorescence. It is therefore likely that the inhibitors 
interact in some way with the virus component in order to 
induce neutralisation. This interaction is extremely 
rapid and once occurred does not appear to be reversible. 
The machanism of action may consist of blocking the virus 
receptors for cell attachment or perhaps preventing some 
later requirement for viral replication such as uncoating. 
The inability of either of these inhibitors to produce or 
block immunofluorescence in an indirect system would tend 
to eliminate the possibility that they may be antibody in 
either a fully active or partially degraded form. . The 
behaviour of these inhibitors is also unlike that expected 
if they were of an interferon type.
Initially it was felt that a likely source of the 
faecal inhibitor was the milk in the piglets diet. Milk 
is known to possess many antiviral factors including 
immunoglobulins, interferon and non immunoglobulin macro 
molecules (Michaels, 1965; Emodi and Just, 197 4; Matthews 
et al., 1976; Sabin and Fieldsteel, 1962; Falker et al. , 
1975; Fieldsteel, 1974; Welsh, Skurrie and May, 1978).
The inhibitor detected in the condensed milk of the piglets 
diet showed superficial similarities with that from faecal 
material. However further investigation revealed 
differences, implying that the origin of the faecal
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inhibitor was not the milk. Intestinal inhibitors 
of other viruses such as the Enterovirus causing murine 
encephalomyelitis (Mandel and Racker, 1953) and the 
Coronavirus causing murine hepatitis (Piazza et al., 1976) 
are known.
The presence in milk of a rotavirus inhibitor could 
lead to complications during infection of experimental 
animals. Modification of viral titres due to the presence 
of milk in. the intestine may occur and could possibly 
affect the severity, of the disease. The time of inoculation 
of rotavirus after the animals previous feed may prove 
important in reproducing the disease experimentally.
7.4 CONCLUSIONS
Neutralising activity against SW20/21 was detectable 
in both milk fed to and faeces from uninfected-gnotobiotic 
piglets.
Whilst the two inhibitors appear to be superficially 
similar an investigation of some of the properties of the 
neutralising activity reveals major differences. The 
antirotavirus activity from the condensed milk is associated 
with a reactive molecule to be found in the aqueous fraction. 
This molecule is sensitive to trypsin, precipitated by 
conditions designed to precipitate proteinaceous material, 
whilst also capable of extraction by lipid solvents.
The neutralising activity from the faecal pool is less 
reactive and unaffected.by conditions designed to precipitate 
proteins or extract lipids. From the limited tests 
carried out, the antiviral spectra of both inhibitors
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would seem to be limited to rotaviruses, with some isolates 
being more sensitive than others.
I
j
It is worth noting that although gnotobiotes were fed condensed milk 
negularly the animals were starved for four hours before infection. ; j 
This minimised the level of any inhubitory substance present in the' j 
gut during the initial stages of viral replication. t
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CHAPTER EIGHT
A COMPARISON OF PORCINE ROTAVIRUSES SW20/21 AND SW9/11 BY 
CROSS NEUTRALISATION AND DOUBLE IMMUNODIFFUSION
a
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8.1 INTRODUCTION
The in vivo experiments described earlier suggested 
that the two isolates of pig rotavirus differed in certain 
properties, for example, growth characteristics in the 
small intestine and the ability to induce an effective 
immune response. Such differences may be related to 
the antigenic composition of the viruses and it was therefore 
decided to compare them in vitro.
8.2 CROSS NEUTRALISATION STUDIES
OF SW20/2T AND SW9/11
&
8.2.1 Method
Initially each of the viruses was reacted with 
convalescent antisera against itself and against the other 
isolate, in a virus neutralisation test and the end points 
determined. Neutralising activity was detectable in both 
the homologous and, at a lower titre, in the heterologous 
systems. It was felt that the neutralising activity in 
the heterologous system might be due to antibody reacting 
with the group-specific antigen of the inner capsid which 
had became exposed in partially uncoated, but still 
infectious, virus particles. This could cause agglutination 
and hence reduce the fluorescent cell count. Alternatively 
the heterologous neutralising activity may be due to the 
presence of mixed rotavirus populations in the two isolates 
or the possession of shared antigens in the outer capsid 
layer.
In an attempt to determine which of the above hypotheses 
were true, the two virus isolates were adsorbed with
- 157 -
antisera against themselves, the other pig isolate and 
against an isolate obtained from calves. Antiserum 
against a calf rotavirus was included because it was hoped 
that rotaviruses from different animal species would not 
share outer capsid-neutralising antigens and could therefore 
be used to remove any available group-specific antigen. 
Adsorption was carried out by adding an equal volume of 
a 1 in 10 dilution in PBS of the antiserum, to the undiluted 
virus/ incubating at 37°C for 1 h and, then overnight at 
+4°C, and then repeating the procedure. Cross neutralisa­
tion tests were then performed with the adsorbed virus 
preparations and*antisera to the two porcine and one bovine 
isolates.
8.2.2 Results
The results of the cross neutralisation tests are 
shown in table 27. Eight-fold differences between
homologous and heterologous titres were found to occur 
with both sera 27B (anti SW20/21 PVTII), and 60B (anti 
SW9/11 PIV) against the two porcine rotaviruses.
Adsorption of SW20/21 by 60B (anti SW9/11 PIV) 
resulted in almost complete neutralisation of the virus 
(<2 fluorescent cells per 25 yl) and consequently 
neutralisation tests could not be performed on this adsorbed 
isolate.
Adsorption of SW9/11 by both L258 (anti calf rotavirus) 
and 27B (anti SW20/21 PVIII) resulted in a fall in both 
the heterologous and homologous titres. However adsorption 
of SW20/21 by L258 resulted only in a fall of the titre 
against L258, but not in the titres against 60B or 27B.
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Table 27
Cross neutralisation reactions of rotavirus isolates both unadsorbed 
(Unads) and adsorbed (Ads) with heterologous antisera
Antiserum
SW20/21
V i r u s
SW9/11
Unads Ads 60B* Ads L258 Unads Ads 27B Ads L258
27B (anti 20/21) 1280 • • • 1280 160 16 20
60B (anti 9/11) 40 © • • 40 320 64 40 •
L258 (anti calf) 80 • * • 4 320 40 8
a
... Not tested
* Adsorption of SW20/21 by 60B resulted in almost complete neutralisation 
of virus.
Adsorption of viruses with their homologous sera resulted in complete 
neutralisation.
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8.3 DOUBLE IMMUNODIFFUSION STUDIES OF
SW2Q/21 AND SW9/11
Preliminary investigations confirmed reports from other 
workers (Woode et al. , 1976b? Mathan et al./ 1977), 
showing that precipitin lines were formed between undiluted 
rotavirus-containing faecal material or gut contents and 
undiluted antirotavirus serum when tested in a double 
immunodiffusion system. Such lines were not found when 
faecal material from uninfected piglets was used as antigen 
or pre-infection serum or serum from piglets not infected 
with rotavirus was reacted against infected gut contents. 
Typically these precipitin lines comprised one major line, 
and a varying number of minor lines. Variation in the 
number of minor lines obtained in replicates of the same 
test led to attempts to improve the reproducibility and 
if possible the number of lines detected using this test.
8.3.1 Concentration of the antigen
Gut contents were diluted 1 in 3, clarified by 
centrifugation (.2,000 rpm 20 min) and then concentrated 
25 times using a macrosolute concentrator (Amicon) to give 
an overall concentration of about 8 times. The concentrates 
were stored at -70°C prior to use.
8 .3.2 Treatment with a nonionic detergent
Gut contents concentrated as above were treated with 
10 yl Nonidet P40 (B.D.H. Chemicals Ltd.) to give final 
concentrations of 0.05%., 0.25% and 0.75% Nonidet P40.
These were stored at -70°C prior to use.
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8.4 RESULTS
Concentration of the antigen resulted in an improved 
reproducibility of the test. Two precipitin lines were 
produced in the reaction between SW20/21 and antiserum 
60B (anti SW9/11 PIV). The reactions between SW20/21 
and antiserum 27B (anti SW20/21 PVIII)and SW9/11 PIV and 
either antisera resulted in the formation of three precipitin 
lines, although an extra (fourth) line was occasionally 
detectable with SW20/21 against 27B.
However, treatment with nonidet P40, at the concentra­
tion indicated did not increase the number of precipitin 
lines detectable. At higher concentrations a reduction 
in the number of lines obtained was noticeable.
The precipitin lines formed by both rotavirus isolates 
against antiserum 27B are shown in Fig. 24. Three 
precipitin lines were produced by either antigen of which 
one showed complete identity and another partial identity 
with the corresponding lines of the other antigen. The 
precipitin lines formed by both rotavirus isolates against 
antiserum 6OB are shown in Fig. 25. Of the three lines 
produced by SW9/11 one shows identity with one of the lines 
produced by SW20/21, whilst another possesses no corres­
ponding line.
Testing the two antisera against SW9/11 produced three 
sets of identical precipitin lines, whilst testing them 
against SW20/21 produced two sets of identical lines plus 
an extra one, and occasionally two against 27B.
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Figure 24! Double immunodiffusion showing gel lines obtained 
with an antiserum against SW20/21 PVIII reacted 
with both rotavirus isolates.
1 27B Anti  SW20/21
2 SW9and11
3 SW  20/21
4 Control negative for
rotavirus
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Figure 2|5j. Double immunodiffusion showing gel lines obtained 
with an antiserum against SW9/11 PIV reacted with 
both rotavirus isolates.
1 60B Anti  S W 9 and 11
2 SW 9 and 11
3 SW  20/21
4 Control negative for
rotavirus
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8.5 DTSCTJSSTON
Adsorption of virus using heterologous antisera will, 
if the isolate consists of a mixed rotavirus population 
cause the heterologous titre to fall, whilst the homologous 
titre remains the same. If however, the particles possess 
shared antigens, and we assume a multihit hypothesis for 
neutralisation as has been suggested for most animal-virus 
neutralisation (reviewed by Della-Porter and Westaway,
1978), both the homologous and heterologous titres will 
fall. If the group specific antigen is involved in the 
neutralisation reaction, a similar result to that expected 
in the case of mixed rotavirus populations should be 
obtained. ' - •
The results of the cross neutralisation tests therefore 
indicate that SW9/11 shares neutralising antigens with both 
the calf virus and SW20/21 and consequently that the calf 
virus is not as unrelated as hoped for. However, two 
interpretations can be placed upon the results obtained from 
SW20/21. SW20/21 may consist of a mixed rotavirus
population, comprising at least two, one of which is related 
to the calf virus, whilst the other shares at least one 
neutralising antigen with SW9/11. Alternatively, SW20/21 
shares at least one neutralising antigen with SW9/11 but 
does not possess any in common with the calf virus, 
instead L258 is capable of reacting, with the group specific 
antigen and hence appears to cause neutralisation. The 
ability of antiserum 60B to almost completely neutralise 
SW20/21 would suggest that this second hypothesis is 
correct.
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The results of the double immunodiffusion tests show 
that the two virus isolates are very similar but do possess 
some slight differences. This is shown in the complete 
identity of the corresponding precipitin lines formed 
between the differing combinations of antigen and antiserum. 
Only in the reaction of antiserum 27B against both rotavirus 
isolates, are lines of partial identity, indicating 
differences, formed. The reaction of antiserum 60B with 
both isolates induces the production of a line against 
SW9 and 11 PIV' not. detectable against SW20/21. This may 
merely reflect the conditions e.g. antigen concentrations, 
under which the test was performed, although it is possible 
that this antigen may be absent or present only in low 
concentrations in SW20/21.
Hence both cross neutralisation and double immuno­
diffusion tests indicate similarity but not complete identity 
between the two virus isolates, and that SW9/11 may share 
the majority of the antigens possessed by SW20/21, whilst 
itself possessing 'extra1 unshared antigens.
The differences in cross neutralization between the 
two isolates are similar to those reported by Flewett 
et al. (1978), between different isolates of human rotavirus 
from Britain, but not as large as those reported by 
Thouless et al. (1978), between different isolates of human 
rotavirus from India, Britain and South Africa.
Reaction of antibody with the group specific antigen 
of the inner capsid causing agglutination of partially 
uncoated but still infectious virus and hence 'false' 
neutralization requires strict standardisation of reagents 
if neutralization is to be used to serotype rotaviruses.
- 165 -
Examination of the antigen by electron microscopy may be 
required to ensure that all particles are complete and hence 
incapable of producing false neutralization as described 
above. The production of canplete particles may not always 
be feasible, however the use of high titre neutralising 
antisera should normally overcome the effects of 'false' 
neutralization.
Double immunodiffusion studies have indicated that a 
common precipitin line will form between different rota­
viruses along with a number of minor lines (Woode et al., 
1976b; Mathan et al. , 1977). This study has confirmed 
this result, but also indicates that differences between 
isolates can be detected via differences within these minor 
precipitin lines. Evidence suggests the group-specific 
antigen to be associated with the inner capsid of rotavirus 
particles (Inaba, 1977; Fauvel, 1978; Bridger, 1978).
It can therefore b e 'assumed that the major line detected 
in double immunodiffusion studies corresponds with this 
antigen, as has been described by Mathan,et al. (1977).
The minor lines are therefore more likely to be associated 
with the type specific antigen of the outer capsid where 
Rodger et al. (1977) described differences in the low 
molecular weight polypeptides of rotaviruses frcm different 
species.
8.6 CONCLUSIONS
Rotavirus-containing faecal material concentrated 
eight-fold results in the formation of more precipitin 
lines than are detectable using unconcentrated material
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in a micro-double-immunodiffusion test. Both cross 
neutralisation and double immunodiffusion studies reveal 
similarity, but not complete identity between SW20/21 and 
SW9/11.
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CHAPTER NINE 
GENERAL DISCUSSION
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9.1 NATURAL MECHANISMS OF CONTROL 
OF ROTAVIRUS INFECTION
It is apparent from the results obtained in this thesis 
that after the initial peak of virus replication, the 
infection becomes self-limiting. This may be assumed
to occur because a balance between the amount of virus 
and the number of susceptible cells is set up and proceeds 
to move slowly in favour of the host. The positive 
correlation between the presence of antibody in the 
intestine andvthe elimination of the virus suggests that 
this shift in the above balance is mediated by antibody.
The presence of specific anti-rotavirus antibody in the 
lumen of the gut would permit neutralisation of infectious 
virus and help protect newly susceptible cells produced 
t by the crypts, from infection. That this antibody is 
derived locally is suggested by the increase in numbers of 
immunoglobulin-containing cells in the lamina propria of 
the small intestine as a result of infection. Thus it 
would appear that young piglets of 5-days of age are 
capable of producing an effective local immune response.
A circulating antibody response, probably of little value 
in controlling the infection is also produced in response 
to rotavirus infection. High levels of serum antibody 
are produced before any stimulation of the mesenteric 
lymph nodes can be detected. Mesenteric lymph nodes are 
known to play little or no part in the intestinal immune 
response in the rabbit (Craig and Cebra, 1971), and sheep 
(Husband et a1.., 1977; Beh, 1977), and therefore probably 
contribute to the circulating response. Evidence suggests 
that seme of the circulating IgA in pig serum is derived
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from the intestine, and hence it is possible that some of 
the early serum immunoglobulin produced in response to 
rotavirus infection may be produced in the intestine.
Virus persists in the faeces for a longer period in 
piglets infected with SV^/ll than with SW20/21.
There are two possible reasons for this. Firstly, higher 
titres of virus are produced by SW9/11 or, secondly, less 
antibody is present in the gut lumen. Comparison of virus 
titres produced by the two isolates indicates no difference 
in the amount of virus produced. However, the antibody 
responses in both serum and secretions and possibly the 
biphasic IgM cell response in the intestine would appear 
to be delayed, following infection with SW9/11 in comparison 
with SW20/21. The reasons for this apparent delay in the 
immune response can be examined in.terms of the rate of
•* i
production of antibody, the number of antibody secreting 
cells produced, and: the type of antibody produced. It is 
reasonable to assume that the rate of production of antibody 
and the number of antibody secreting cells are associated. 
Until late in the immune response there would appear to be 
no major differences in the numbers of immunoglobulin- 
containing cells (presumptively antibody-secreting), 
induced following infection with either isolate. Thus 
there should be little difference in the amount of antibody 
produced in the intestine in response to either isolate.
This could not be determined in the intestine because of 
the presence of virus, combining with and hence removing 
antibody. Little difference however in serum antibody 
production between the two isolates could be detected. 
Differences occurred in the classes of immunoglobulin-
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containing cell induced, SW20/21 inducing an early IgA 
containing cell response in the lamina propria of the 
anterior and middle small intestine as compared with 
SW9/11. This could have an effect upon the immune response 
due to differences in antibody half life, antibody avidity 
and ease of transport of antibody into the gut lumen.
The suggestion that tolerance, immunosuppression.or the 
induction of ineffective antibody may play a role in the 
delay in the immune response following infection with 
SW9/11 as compared :with SW20/21 has been discussed in 
chapter 5. Of these possibilities, both tolerance and 
immunosuppression would result in a reduction in the number 
of immunoglobulin-containing cells produced. The production 
of ineffective antibody however, may result from the 
stimulation of different.classes of antibody which could be 
less effective in neutralising the virus. Reasons for 
the induction of these different classes of antibody are 
unknown, however the co-operative role of macrophages in 
inducing antibody production may play some part in this 
process. If this is so then the appearance of cells 
bearing viral antigen, which are possibly macrophages, in 
the villus lamina, propria of the small intestine following 
infection with SW3/11 may be significant.
In terms of the apparent mechanism of control, 
rotavirus infection resembles that of Transmissible 
Gastroenteritis- virus (TGE) (Pensaert et al. , 1970) . 
Neutralising antibody has been detected in the contents 
of the ileum, caecum and rectum of infected piglets 
(Cartwright, 1967? Sprino et al., 1976) and was suggested 
to play a part in recovery and continued resistance of the
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gut to infection. Pensaert (1968) and Pensaert et al.
(1970) describe the production of an antiviral substance 
with the characteristics of interferon in response to 
infection by TGE and suggest it may have a role in control. 
Rotavirus has been shown to produce interferon in vitro 
(Welch and Twiehaus, 1973), but infection of gnotobiotic 
piglets with rotavirus, followed by TGE, produced no 
interference with the virulence of TGE infection (Woode 
and Crouch, 1978). This suggests that either a limited 
amount of interferon is produced or that interferon does 
not play a role in vivo.
9.2 FACTORS AFFECTING THE VIRULENCE OF
ROTAVIRUS INFECTIONS
Rotaviruses are known pathogens causing acute enteritis 
and diarrhoea, associated with a loss of body- weight and 
possibly death in younger piglets. Of the two porcine 
isolates examined, SW9/11 was found to be the most virulent 
in that it produced a greater bodyweight loss over a longer 
period of time than did SW20/21.
It is apparent from the results obtained in this thesis
that the disease is caused by an intestinal lesion due to
destruction of villus epithelial cells. Three factors 
%
can influence the severity of this lesion: they are the
degree of damage to individual villi, the extent of the 
lesion throughout the intestine and the length of time the. 
lesion is in existence. TGE causes a similar but more 
severe disease then rotavirus, which in 5-day-old pigs is 
normally fatal. TGE distribution through the small 
intestine is similar to that found with rotavirus (Pensaert
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et al., 1970). However all mature absorptive cells are 
attacked leading to complete denudation of the villi 
(Moon, 1978). In contrast both isolates of pig rotavirus 
examined had a predilection for the more mature epithelial 
cells on the distal two thirds of the villus. However 
a difference between the two isolates exists in respect 
of the presence or absence of lesion in the anterior 
small intestine, the more virulent isolate SW9/11 possessing 
the ability to cause a lesion throughout the small intestine. 
Neither rotavirus isolate showed complete recovery of 
intestinal lesion by 21 days, although a severe lesion 
persisted for longer following infection by SW9/11.
Hence it would appear that the major factors influencing 
the virulence of these different isolates of pig rotavirus 
are, the extent of the lesion in the small intestine and 
its persistence in a severe form.
Inability to grow and thus cause lesions in the anterior 
region of the small intestine may be the result of 
differences in epithelial cell differentiation along the 
small intestine and also a greater abundance of inhibitory 
agents. . A longitudinal differentiation has been
demonstrated in morphological and functional respects, 
whereby the capacity of the intestinal epithelium to 
absorb important nutrients and the activity of certain 
enzymes tend to decrease towards the posterior regions of 
the small intestine (Baintner and Veress, 1967). If cell 
differentiation does play a part in limiting the involvement 
of the anterior small intestine in infection, different 
receptors, allowing viral, attachment to cells penetration 
and uncoating may be required, hence the differences
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detected between isolates in the cross neutralisation 
and double inmunodiffusion studies may be relevant. It 
is also possible that the non-immunoglobulin inhibitor 
detected in the faeces may originate in the anterior region 
of the small intestine and thus reduce infection especially 
in this region. The more virulent isolate (SW9/11) was 
not affected by this inhibitor to the same extent as 
SW20/21 and this may also be reflected in differences in 
cross neutralisation and double immunodiffusion tests. 
Protection of the anterior small intestine by this inhibitor 
is unlikely, since it was not detected in 5-day-old 
piglets, however modification of the course of the infection 
could be achieved, and may play a role in determining 
the virulence of the infection. The inhibitor may play 
a role in the age susceptibility of animals, for whilst 
both, porcine rotaviruses cause severe diarrhoea in 5-day- 
old piglets SW20/21 has been reported as only causing mild 
diarrhoea in 21 to 30-day-old piglets whilst SW9/11 
caused severe illness and 4 of 7 gnotobiotic piglets died 
(Woode and Crouch, 1978).
9.3 THE ROLE OF CELL MEDIATED IMMUNITY
IN THE CONTROL OF ROTAVIRUS INFECTION
Cell mediated immunity (CMI) may have an important 
role in the recovery of animals from some viral infections, 
e.g. influenza and parainfluenza viruses (Wetherbee, 1973), 
Sindbis virus (McFarland, 197 4), and TGE (Frederick and 
Bohl, 1976). Lymphocytes that are processed by or in 
some way dependent on the thymus (T-lymphocytes) are 
those responsible for cell mediated immunity. These
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lymphocytes from a sensitised host are directly cytotoxic 
to cells bearing surface antigens of the infecting agent. 
Sensitised T-lymphocytes also possess the ability on 
encountering specific antigen to release a number of 
lymphokines. Some of these .lymphokines have a profound 
effect on macrophages, focussing them at the site of infec­
tion and also activating them by causing the development 
of increased phagocytic and digestive powers. Macrophages 
can be directed to destroy and phagocytose cells bearing 
foreign antigen on their surface either by antibody attach- 
ment ‘to their surfaces via the Fc fragment of the molecule 
or by the coating of the target cell by specific antibody. 
Another type of mononuclear cell, the K-cell also has the 
ability to destroy target cells coated with specific 
antibody. .
Such a direct attack on the cell will effectively 
limit the infection if the surface antigen changes occur 
before full replication of the virus. Rotavirus-infected 
villus epithelial cells are thought to release virus by 
their dissolution- Early destruction of such cells 
might be expected to result in the release of incomplete 
and hence non infectious virus, thus limiting its spread. 
Cells containing rotavirus antigen were detected in the 
villus lamina propria following infection, these may have 
been macrophages engaged in cell destruction as described 
above.
In order to test the.hypothesis that CMI plays a role 
in the control of rotavirus infection, either directly or 
by focussing and activating macrophages, the following 
criteria need to be demonstrated, following infection.
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1) Sensitisation of T-lymphocytes, this could be 
demonstrated using a lymphocyte proliferation test.
2) Lymphocyte cytotoxicity.
3) The production of macrophage migration-inhibition 
factor.
CMI responses should be looked for in both local and 
systemic lymphoid tissues.
Histochemical staining of cryostat gut sections for 
non specific esterase activity would demonstrate the 
presence of macrophages and could be used to evaluate 
any increase in numbers due to focussing at the site of 
infection. *
Macrophage activation can be determined by such methods 
as measuring the ini vitro rates of phagocytosis and 
intracellular killing of bacteria in peritoneal macrophages 
from infected and, non-infected animals, or by examining 
culture fluids for macrophage activation products (Gordon, 
1978). Finally in an. attempt to determine the importance 
of cell mediated immunity, the course of rotavirus infection 
could be followed in thymectcmised piglets and be compared 
with that obtained normally.
9.4 PREVENTION AND CONTROL OF ROTAVIRUS INFECTIONS
The results of this study have indicated that an 
important element in the natural control of rotavirus 
infections is the presence of specific neutralising antibody 
in the intestinal lumen. That this antibody need not be 
produced locally by the piglet, but can be substituted for 
by the use of colostrum, possessing anti-rotavirus activity,
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has been shown (Lecce et al., 1976). With cows, passive 
protection afforded by the damfs colostrum is of little 
value, 10 to 20% of heifers and cows have low levels of 
antibody and in the remaining 80-90% the antibody secreted 
in the milk declines rapidly 24-72 h after birth (Woode 
et al., 1975). Most calves therefore, apparently became 
affected 3 days - 15 weeks after birth. A similar 
situation prevails in piglets, although rotavirus infection 
is rare in piglets aged less than 7 days.
Two possible regimes for the protection of piglets 
can be envisaged. In the first colostrum is fed continually 
to susceptible animals, until they reach an age when they 
can withstand the effects of the disease. In the second, 
piglets are vaccinated against rotavirus disease, but fed 
colostrum while their active immunity develops. Large 
quantities of bovine colostrum could be made available for 
feeding to piglets, however a better way of providing passive 
protection would be to enhance rotavirus antibody levels 
in the mammary secretions of the sow. With cows and sheep, 
inactivated vaccines have been used to boost the level 
and duration of rotavirus antibody in the dams mammary 
secretions (Mebus et al., 1973b? Wells et al., 1978).
In order to develop such regimes for prevention and 
control of rotavirus infections the following points require 
consideration.
1) Passive protection. Bovine colostrum has been used 
to protect piglets either partially or completely against 
rotavirus infection CLecce et al., 1976? Bridger, personal 
communication), and may therefore be of use as a source of 
passive protection.. Other experiments have indicated that
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passive protection derived from colostrum will not prevent 
the development of active immunity by the animal 
(Snodgrass et al., 1977b; Bridger, personal communication).
2) Growth of the virus. At present?growth of porcine 
rotavirus isolates in tissue culture is difficult although 
Theil et al.(1977), and Almeida et al. (1978), have 
reported enhanced growth and serial passage with the use 
of trypsin.
3) Whether the induction of local antibody alone is 
sufficient for protection against rotavirus infection?
In order to measure the efficacy of a vaccine it is desirable 
to know which components of the immune system it is 
necessary to stimulate in order to achieve protection.
Once these are known it would be possible to determine the 
relative efficacy of different vaccines and different 
vaccination regimes.
4) The use of live attenuated or inactivated vaccines.
This will depend on many factors, including ability to 
induce the required immune response, likelihood of back 
passage of live vaccine to produce a virulent virus.
5) Vaccination regime. Attempts to protect piglets 
from enteric diseases other than rotavirus e.g. TGE and 
colibacillosis by enhancing antibody production in mammary 
secretions have indicated that the class of antibody 
induced is important. This problem is discussed by 
Chidlow and Porter (1979). Vaccination of piglets 
requires determination of the earliest possible date at 
which a suitable immune response can be stimulated.
6) Existence of different serotypes. The existence of 
differing serotypes of porcine rotavirus, as has been
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demonstrated for human rotavirus (Zissis and Lambert, 1978; 
Yolken et al., 1978),.may lead to the need for the inclusion
of antigenically dissimilar rotaviruses in the vaccine.
/
However cross-protection studies would first be required 
to indicate whether this is necessary. Rotaviruses 
possess a segmented nucleic acid, this may enable as with 
influenza virus, Recombination1 of segments and hence 
antigenic drift and shift to occur., This would lead to 
the constant introduction of new rotavirus types into the 
environment.
9-5 GENERAL CONCLUSION
The results from this thesis show that young (5-day- 
old) gnotobiotic piglets are capable of mounting an 
effective immune response against rotavirus infection.
An important element in this response, leading to the control 
and final elimination of the virus is the appearance of 
specific neutralising activity in the intestinal lumen, 
and in this respect control of rotavirus infection is similar 
to.that of TGEV. No differences between the two rotaviruses 
studied, could be detected in,the total numbers of 
immunoglobulin-containing cells localising in the lamina 
propria of the small intestine, until late in the immune 
response. However, differences did exist as regards the 
class of immunoglobulin produced by these cells.
Body-weight loss, can be used as a measure of virulence 
enabling the two isolates to be clearly distinguished.
These body-weight losses correlated with changes in the 
severity of the gut lesion (as measured by the ratio
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villus length : crypt depth), whilst the degree of virulence 
was associated with the severity of the lesion throughout 
the small intestine, and the length of persistence of this 
severe lesion.
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